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'XULQJ�)HHGLQJ� RI�D�*DVWURSRG� 9HOLJHU�
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)ULGD\�+DUERU� /DERUDWRULHV�� 8QLYHUVLW\�RI�:DVKLQJWRQ�� ���� 8QLYHUVLW\�5RDG�� )ULGD\�+DUERU��

:DVKLQJWRQ� ������� �&DOLIRUQLD� 6WDWH�8QLYHUVLW\������� 6WDWH�8QLYHUVLW\�'ULYH�� /RV� $QJHOHV�� &DOLIRUQLD�
������� DQG� �-DQHOLD�)DUP� 5HVHDUFK� &HQWHU��++0,�� ������+HOL[� 'ULYH�� $VKEXUQ�� 9LUJLQLD� ������

$EVWUDFW�� &LOLDU\� IHHGHUV�YDU\� LQ�WKH�DUUDQJHPHQW�RI�FLO�

LDU\�EDQGV� DQG�PHFKDQLVPV� RI�FDSWXUH�RI�IRRG��6RPH� ODUYDH�
XVH�RSSRVHG� SDUDOOHO� EDQGV� RI�SUHRUDO� �SURWRWURFK��DQG�SRV�
WRUDO� �PHWDWURFK�� FLOLD��+\SRWKHVHV� IRU�WKH�PHFKDQLVP� RI�

SDUWLFOH� FDSWXUH� LQFOXGH� ILOWUDWLRQ�E\� DGKHVLRQ� WR�D� FLOLXP�
WKDW�RYHUWDNHV� D�SDUWLFOH� �GLUHFW�LQWHUFHSWLRQ���EXW�XQWLO�QRZ�

XQHTXLYRFDO� HYLGHQFH� IRU�WKLV�PHFKDQLVP� KDV�EHHQ� ODFNLQJ��
+HUH�� KLJK�VSHHG� YLGHR� UHFRUGLQJV�RI�YHOLJHU� ODUYDH�RI� WKH�

JDVWURSRG�/DFXQD� YLQFWD�GHPRQVWUDWHG�GLUHFW�LQWHUFHSWLRQ�RI�

SDUWLFOHV�E\�SURWRWURFKDO�FLOLD��$GKHVLRQ� EHWZHHQ�FLOLXP�DQG�

SDUWLFOH�ZDV� VHHQ�ZKHQ� D� SURWRWURFKDO� FLOLXP� WXJJHG� D�

GLDWRP�FKDLQ� LQWR�WKH�IRRG�JURRYH�ZKLOH� LQ�FRQWDFW�ZLWK�RQH�

SDUW�RI� WKH�FKDLQ�� ,Q�VHYHUDO� UHFRUGHG�HYHQWV��D�SURWRWRFKDO�
FLOLXP� RYHUWRRN� D� SDUWLFOH� GXULQJ� LWV�HIIHFWLYH� VWURNH�DQG�

VXEVHTXHQWO\� SXOOHG� WKH�SDUWLFOH� LQZDUG�ZLWK� LWV�UHFRYHU\�
VWURNH��WKHUHXSRQ��WKH�SDUWLFOH�ZDV� GHSRVLWHG� RQWR� WKH�IRRG�

JURRYH� DQG� WUDQVSRUWHG�WR�WKH�PRXWK��&DSWXUHV� YDULHG��KRZ�
HYHU�� ,Q� VRPH� FDVHV� WKH�SDUWLFOH�ZDV� LQWHUFHSWHG�PXOWLSOH�
WLPHV�LQ�RQH� FDSWXUH�HYHQW�� LQ�RWKHUV��VHYHUDO�FLOLD�SDVVHG� D�

SDUWLFOH� ZLWKRXW� LQWHUFHSWLRQ��3DUWLFOHV� RFFDVLRQDOO\� UH�
PDLQHG� LQ�WKH�DUHD�RI�UHFRYHU\�VWURNHV��LQGLFDWLQJ�UHWHQWLRQ�
ZLWKRXW� FRQWLQXLQJ�DGKHVLRQ� WR�D�FLOLXP�� ,Q�WKUHH�HYHQWV��D�

SDUWLFOH� ORVW� IURP�SURWRWURFKDO� FLOLD� ZDV� LQWHUFHSWHG�DQG�
PRYHG� LQWR�WKH�IRRG�JURRYH� E\�PHWDWURFKDO� FLOLD��3DUWLFOHV�
DV�ZLGH� DV�RU�ZLGHU� WKDQ�WKH�IRRG�JURRYH�ZHUH� DOVR� FDSWXUHG�
DQG� WUDQVSRUWHG�EXW�ZHUH� QRW� LQJHVWHG��

,QWURGXFWLRQ�

6HYHUDO� GLVWLQFW�PRGHV� RI�FLOLDU\�FDSWXUH�DQG� LQJHVWLRQ�DUH�

ZLGHVSUHDG� DPRQJ�PDULQH� ODUYDH�DFURVV� SK\OD��5HVHDUFKHUV�

5HFHLYHG� ��� -DQXDU\������� DFFHSWHG� ���'HFHPEHU� ������

�7R� ZKRP� FRUUHVSRQGHQFH� VKRXOG� EH� DGGUHVVHG�� (�PDLO�� UUVWUDWK#�

X�ZDVKLQJWRQ�HGX�
$EEUHYLDWLRQV�� &�3�� UDWLR�RI� FLOLXP� YHORFLW\� WR�SDUWLFOH� YHORFLW\�� )6:��

ILOWHUHG�VHDZDWHU�� )9(�� IURP�YHODU� HGJH��

KDYH� FDWHJRUL]HG� WKHP�DFFRUGLQJ� WR� IRUP�DQG� VXSSRVHG�
IXQFWLRQ��5LLVJDUG� HW�DO�� ������� 2QH� FRPPRQ� DUUDQJHPHQW�
RI� FLOLD� LV� FLUFXPIHUHQWLDO� RSSRVHG� SUHRUDO� DQG� SRVWRUDO�
EDQGV� RI�FLOLD� �SURWRWURFK�DQG�PHWDWURFK�� ERUGHULQJ� D� FLOL�
DWHG�IRRG�JURRYH� �)LJ�� ����7KH� SURWRWURFKDO�FLOLD�SURGXFH� D�
FXUUHQW�IRU�IHHGLQJ�DQG� VZLPPLQJ�ZLWK� HIIHFWLYH�VWURNHV�LQ�
DQ�DUF�IURP�DQWHULRU�WR�SRVWHULRU��7KH� HIIHFWLYH�VWURNHV�RI�WKH�
PHWDWURFKDO� FLOLD� EHDW� LQ�DQ� DUF�IURP�SRVWHULRU� WR�DQWHULRU��

7KH\� RSSRVH� WKH�SURWRWURFKDO� FLOLD� EXW� DUH�PXFK� VKRUWHU��

&DSWXUHG� SDUWLFOHV� DUH� FRQYH\HG� DORQJ� WKH�IRRG�JURRYH� WR�
WKH�PRXWK�� 7KLV� IHHGLQJ� DSSDUDWXV� LV� IRXQG� LQ�PROOXVF�

YHOLJHU� ODUYDH�� VRPH� DQQHOLG� ODUYDH�� DQG� VRPH� URWLIHUV�

�6WUDWKPDQQ�HW�DO�� ������5LLVJDUG� HW�DO�� ������� 7KLV� RS�
SRVHG�EDQG� IHHGLQJ�PHFKDQLVP� LV�GHVFULEHG� IURP� VRPH�

HQWRSURFW� ODUYDH� �-DJHUVWHQ��������� DOWKRXJK� UHFHQW�REVHU�
YDWLRQV� KDYH� FDVW� GRXEW� RQ� WKDW�LQWHUSUHWDWLRQ�IRU�DQRWKHU�

HQWRSURFW� ODUYD� �+DV]SUXQDU� DQG�:DQQLQJHU�� ������� ,Q�DQ�

DSSDUHQWO\�VLPLODU�NLQG�RI�FLOLDU\�IHHGLQJ�E\�VHVVLOH� DQLPDOV�
�VDEHOOLG� DQG� VHUSXOLG� DQQHOLGV�� HQWURSURFWV��� WKH�RSSRVHG�
EDQGV� DUH�FRPSRVHG� RI�FLOLD�RI�HTXDO� OHQJWK��+HQGHUVRQ� DQG�

6WUDWKPDQQ�������� 5LLVJDUG� HW�DO�� �������
3DUWLFOH� FDSWXUH�KDV�EHHQ� VWXGLHG�PRUH� H[WHQVLYHO\�ZLWK�

PROOXVF� YHOLJHUV� WKDQ�ZLWK�RWKHU�RSSRVHG�EDQG� IHHGHUV��EXW�
WKH�PHFKDQLVP� E\�ZKLFK� WKH�YHODU�FLOLD� FDSWXUH�SDUWLFOHV� LV�
QRW�FOHDU�� 6RPH� REVHUYDWLRQV� VXJJHVW� WKDW�WKH�SURWRWURFKDO�
FLOLD� FDSWXUH�SDUWLFOHV�E\�GLUHFW� LQWHUFHSWLRQ��6WUDWKPDQQ�HW�

DO�� ������6WUDWKPDQQ�DQG�/HLVH�� ������5LLVJDUG� HW�DO�� ������
6WUDWKPDQQ�DQG�*ULLQEDXP�� ������� 'LUHFW� LQWHUFHSWLRQ�UH�

TXLUHV�PRWLRQ� RI�D� VWUXFWXUH��LQ�WKLV�FDVH� D�FLOLXP�� UHODWLYH�WR�
D�SDUWLFOH� DQG� DGKHVLRQ� EHWZHHQ� WKH�VWUXFWXUH�DQG�SDUWLFOH�
RQFH� FRQWDFW� LV�PDGH�� 7KH� UDWLR�RI�YHORFLWLHV� RI�SURWRWURFK�
FLOLD� WR�QHDUE\�SDUWLFOHV� LV�XVXDOO\� DERYH� ���L�H��� WKH�FLOLXP�
PRYHV� IDVWHU�WKDQ�WKH�SDUWLFOH�� 6WUDWKPDQQ�DQG�/HLVH�� ������
(POHW�� ������� LQGLFDWLQJ�WKDW�GLUHFW� LQWHUFHSWLRQ�RI�SDUWLFOHV�
LV�SRVVLEOH� LI�D� SDUWLFOH� DGKHUHV� WR�D� FLOLXP� �/D%DUEHUD��

����
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)LJXUH� ��� 7RS�� 2SSRVHG� SURWRWURFKDO� DQG�PHWDWURFKDO� FLOLDU\� EDQGV�

DQG� IRRG� JURRYH� LQ�D� JDVWURSRG� YHOLJHU� �/DFXQD� YLQFWD��� %RWWRP�� 7KUHH�

VHJPHQWV� RI� WKH�SURWRWURFK� HIIHFWLYH� VWURNH�� ,QLWLDO"EHIRUH� LQLWLDO�SDUWLFOH�

LQWHUFHSWLRQ��0LG"QHDU� WKH�PLGGOH� RI� WKH�HIIHFWLYH� VWURNH�� DIWHU�SDUWLFOH�

LQWHUFHSWLRQ�� (QG"ODVW� WKLUG�RI� HIIHFWLYH� VWURNH� HLWKHU� EHIRUH� WKH�SDU�
WLFOH�ZDV� WUDQVIHUUHG� WR�WKH�IRRG� JURRYH� RU�EHIRUH� WKH�SDUWLFOH� ZDV� ORVW��

������6KLPHWD� DQG�-XPDUV���������+RZHYHU�� GLUHFW�HYLGHQFH�
LV�ODFNLQJ��DQG�RWKHU�SURFHVVHV�PD\� FRQWULEXWH�WR�FDSWXUH�RI�

SDUWLFOHV� �*DOODJHU�� �������7KH� UHFRYHU\�VWURNHV�RI�WKH�SUR�
WRWURFK�DUH� LQYROYHG� LQ�FDSWXUHV� LQ�ZD\V� WKDW�KDYH� EHHQ�

YDULRXVO\� LQWHUSUHWHG��DQG� WKH�RSSRVHG� EHDW�RI� WKH�PHWDWUR�
FKDO� FLOLD�PD\� DOVR� DLG� FDSWXUHV� �6WUDWKPDQQ�HW�DO�� ������
6WUDWKPDQQ�DQG�/HLVH�� ������*DOODJHU�� ������5LLVJDUG� HWDO��
������ 6WUDWKPDQQ�DQG�*UXQEDXP�� �������
$GKHVLRQ� EHWZHHQ� FLOLD� DQG� SDUWLFOHV� LV�DOVR� XQSURYHQ��

/HERXU� ������� VDLG� WKDW�PXFXV� DSSHDUV� WR�EH� VHFUHWHG� LQ�WKH�
IRRG�JURRYH� RI�D�JDVWURSRG�YHOLJHU�EXW�GLG�QRW�LQYHVWLJDWH�LWV�
H[DFW� ORFDWLRQ�� ,I�DGKHVLRQ� RI�SDUWLFOHV� WR�FLOLD� LV�LPSRUWDQW�
LQ�WKH�FDSWXUH� RI� IRRG�� WKHQ�VHFUHWLRQV� DIIHFWLQJ�DGKHVLRQ�

PLJKW� UHJXODWH� FOHDUDQFH� UDWHV�� ,W�KDV� EHHQ� VKRZQ� IRU�D�
ELYDOYHG� YHOLJHU� WKDW�WKH�FDSWXUH�DQG� WUDQVIHU�RI�SDUWLFOHV� LV�

QRW� OLQNHG� WR�WKH�SDODWDELOLW\� RI�SDUWLFOHV� EXW� LQVWHDG� LV�D�
IXQFWLRQ� RI� SDUWLFOH� HQFRXQWHU� UDWH�� VXJJHVWLQJ� WKDW� WKH�
PRXWK� LV�WKH�ILUVW�SODFH� RI�DVVHVVPHQW� RI� LQFRPLQJ�SDUWLFOHV�
�*DOODJHU�� ������� ,Q� FRQWUDVW�� )UHWWHU� DQG�0RQWJRPHU\�
������� GHVFULEH� UHJXODWLRQ� RI�XSWDNH� RI� IRRG� DW�ERWK� WKH�
YHOXP� DQG� WKH�PRXWK� EXW�GR�QRW�GHVFULEH� KRZ� FDSWXUH�UDWHV�
DW� WKH�YHOXP� DUH� UHJXODWHG��
'LUHFW� LQWHUFHSWLRQ� LV�TXDOLWDWLYHO\� FRQVLVWHQW�ZLWK� WKH�

VL]H� RI�SDUWLFOHV� FDSWXUHG��3DUWLFOHV�PXFK� VPDOOHU� WKDQ�WKH�
PHWDFKURQDO� ZDYHOHQJWK� DUH� FDSWXUHG� �6WUDWKPDQQ� DQG�

/HLVH�� ������*DOODJHU�� ������+DQVHQ�� ������ ������5LLVJDUG�
HW� DO�� ������� ZKLFK� ZRXOG� QRW� RFFXU� E\� VLHYLQJ� LI�WKH�

VSDFLQJ� RI� SURWRWURFKDO� FLOLD� LQ� WKHLU�HIIHFWLYH� VWURNHV�
IRUPHG�D� VLHYH�ZLWK�PHVK� VL]H� HTXDO� WR� WKH�PHWDFKURQDO�

ZDYHOHQJWK� RI� WKH�FLOLDU\�EHDW��+RZ� RU�ZKHWKHU� WKH�PHFK�
DQLVP� RI� FDSWXUH� VHWV� WKH�XSSHU� OLPLW�RQ� SDUWLFOH� VL]HV� LV�

XQFOHDU��KRZHYHU��7KH� OHQJWKV�RI�SURWRWURFKDO�FLOLD�RU�ZLGWK�
RI�WKH�IRRG�JURRYH� FRXOG� SRVVLEO\� VHW�DQ�XSSHU� OLPLW�WR�VL]H�
RI�SDUWLFOHV�FDSWXUHG�DQG� WUDQVSRUWHG��EXW�UHSRUWHG�FOHDUDQFH�
UDWHV�RYHU� D� UDQJH�RI�SDUWLFOH� VL]HV� LQGLFDWH� WKDW�XSSHU� VL]H�
OLPLWV�RQ� SDUWLFOHV� FOHDUHG� IURP�VXVSHQVLRQ� DUH� OHVV� WKDQ�

SURWRWURFKDO� FLOLXP� OHQJWK�RU�ZLGWK� RI� WKH�IRRG� JURRYH�
�+DQVHQ�� ������ ������5LLVJDUG� HW�DO�� �������
7KLV� VWXG\�DLPHG� WR����� DFTXLUH� D�EHWWHU�UHVROXWLRQ�RI�WKH�

LQWHUDFWLRQ�RI�FLOLD�ZLWK�SDUWLFOHV� WR�WHVW�WKH�K\SRWKHVLV� WKDW�

FDSWXUH� LV�E\�GLUHFW� LQWHUFHSWLRQ�DQG� ����GLVFRYHU� WKH�XSSHU�
OLPLW�RQ� VL]H� RI�SDUWLFOHV� FDSWXUHG� E\�RSSRVHG� EDQGV� DQG�

WUDQVSRUWHG�WR�WKH�PRXWK�� +LJK�VSHHG� YLGHR� GHPRQVWUDWHG�
WKDW�SURWRWURFK�DQG�PHWDWURFK� FLOLD� RI�D�JDVWURSRG� YHOLJHU��
/DFXQD� YLQFWD��FDSWXUHG�SDUWLFOHV� E\�RYHUWDNLQJ� DQG� LQWHU�

FHSWLQJ� WKHP�DQG� WKDW�WKH�YHODU�FLOLD� FDXJKW�DQG� WUDQVSRUWHG�
SDUWLFOHV� ODUJHU�WKDQ�WKH�IRRG�JURRYH�� WKRXJK�WKHVH�ZHUH� QRW�

LQJHVWHG��

0DWHULDOV� DQG�0HWKRGV�

&ROOHFWLRQ� RI�HJJ�PDVVHV� DQG� ODUYDO� FXOWXUH�

(JJ� PDVVHV� RI�/DFXQD� YLQFWD� �0RQWDJX�� ������ ZHUH�
FROOHFWHG� IURP�HHOJUDVV� DW�&DWWOH�3W���6DQ� -XDQ�,VODQG��:DVK�

LQJWRQ��RQ� ���-XO\������ DQG�DJDLQ� WKH�IROORZLQJ� VXPPHU�RQ�
���-XO\������� (JJ� PDVVHV� ZHUH� NHSW� LQ�WKH� ODERUDWRU\� LQ�

O2�M/WP�ILOWHUHG�VHDZDWHU� �)6:�� DW�EHWZHHQ� ���"&�DQG� ���"&�
XQWLO�KDWFKLQJ��/DUYDH� XVHG� LQ������ KDWFKHG� RQ� ���DQG� ���

-XO\�DQG� LQ������ KDWFKHG�RQ����-XO\��ERWK�EDWFKHV� RI� ODUYDH�
KDWFKHG�ZLWK� D�PHDQ� JUHDWHVW� OHQJWK�RI� VKHOO� RI����� MDP�
�Q�

 � �� IRU�HDFK� EDWFK��� 8SRQ� KDWFKLQJ�� DOO� ODUYDH�ZHUH�
WUDQVIHUUHG�WR� VPDOO� FXOWXUH�ERZOV� ZLWK� )6:� DQG� IHG� D�

SK\WRSODQNWRQ� GLHW� RI� ,VRFKU\VLV� JDOEDQD�� 3K\WRSODQNWRQ�
DQG�)6:� ZHUH� UHSODFHG� GDLO\�� DQG�GHDG� RU�KHDYLO\� IRXOHG�

YHOLJHUV�ZHUH� UHPRYHG� IURP�FXOWXUHV��

2EVHUYDWLRQDO� VHWXS�DQG� KLJK�VSHHG� YLGHR� UHFRUGLQJ�

/DUYDH� ZHUH� JLYHQ�QR� IRRG�IRU�D�PLQLPXP� RI���K�DQG� D�
PD[LPXP� RI���� K�EHIRUH� REVHUYDWLRQ�� ,QGLYLGXDO� YHOLJHUV�
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ZHUH� SODFHG� LQ�QHZ� ��PO� SODVWLF� SHWUL�GLVKHV�ZLWK� D� ODUJH�
GURS�RI�)6:�� 7KH� IRXOLQJ�RQ� WKHLU�VKHOOV�DOORZHG� WKHP�WR�
DGKHUH� WR�WKH�ERWWRP� RI� WKH�GLVK� DQG�EHFRPH� WHWKHUHG�IRU�
REVHUYDWLRQ��7KLV� WHWKHULQJ�PHWKRG�� DV�RSSRVHG� WR�WHWKHULQJ�
ODUYDH�EHWZHHQ� D� VOLGH� DQG� FRYHU� JODVV� VOLS��GHFUHDVHG� HI�
IHFWV�RI�ZDOOV� RQ� ODUYDO� EHKDYLRU� DQG� RQ�ZDWHU� FXUUHQWV�
DURXQG� D� ODUYD��7HPSHUDWXUHV� GXULQJ�REVHUYDWLRQV� UDQJHG�
IURP����WR���� "&��
:H� XVHG� WKUHH�W\SHV�RI�SK\WRSODQNWRQ",VRFKU\VLV� JDO�

EDQD� �FHOO� GLDPHWHU�A�� WLP���6NHOHWRQHPD� FRVWDWXP� �FHOO�
GLDPHWHU�A�� MPP��LQ�FKDLQV�XS� WR����FHOOV��� DQG�5KRGRPRQDV�

VS�� �FHOO� GLDPHWHU�A��� MXLP�"DQG� IRXU�VL]H� FDWHJRULHV� RI�

SRO\VW\UHQH�GLYLQ\OEHQ]HQH� SODVWLF� VSKHUHV"�� MXLP����� �[P��
��� MXP��DQG���� MDP"IRU� IHHGLQJ�REVHUYDWLRQV�� +LJK� FRQ�
FHQWUDWLRQV� RI� SDUWLFOHV� HQVXUHG� IUHTXHQW�FDSWXUHV�ZLWKLQ�
YLHZ�� 3ODVWLF� VSKHUHV� VDQN�DQG� IUHTXHQW�SLSHWWLQJ�ZDV� UH�

TXLUHG� WR�VXVSHQG� WKH�VSKHUHV� LQ�WKH�ZDWHU�� �7KH� VSKHUHV�DUH�

VXSSOLHG� IRU�FDOLEUDWLRQ� RI�SDUWLFOH�FRXQWHUV��DQG� WKHLU�VSH�
FLILF�JUDYLW\�LV�UHSRUWHG�DV� DERXW� �������
&LOLXP�PRYHPHQW� DQG�IHHGLQJ�HYHQWV�ZHUH� REVHUYHG�ZLWK�

D�FRPSRXQG�PLFURVFRSH� ZLWK�',&� RSWLFV�XQGHU� ���;� RU����;�

REMHFWLYH� OHQV�PDJQLILFDWLRQ�� (YHQWV� ZHUH� UHFRUGHG� YLD�

KLJK�VSHHG� YLGHR�ZLWK� D�5HGODNH� 0RWLRQVFRSH� YLGHR� FDP�
HUD��5HFRUGLQJV� ZHUH� FDSWXUHG�DW��;� VKXWWHU�VSHHG�DW����� RU�
���� IUDPHV�SHU�VHFRQG� �ISV��DQG�SOD\HG�EDFN� DW����RU���� ISV�
LQWR�$SSOH� L0RYLH� ������ IRU�DQDO\VLV��7KH� LQWHUYDOV�EHWZHHQ�

LPDJHV�ZHUH�PRUH� IUHTXHQW�WKDQ�LQ�SUHYLRXV� VWXGLHV�VR�WKDW�
UHODWLYH�PRWLRQ� RI�D�SDUWLFOH� DQG�D�QHDUE\�FLOLXP� FRXOG� EH�
WUDFNHG�GXULQJ� WKH�FLOLXP
V� HIIHFWLYH� VWURNH��$W� ���� ISV��
LQWHUYDOV�EHWZHHQ� IUDPHV�ZHUH� ������ V�DQG�UHVROXWLRQ�����E\�
���� SL[HOV��

$QDO\VLV� RI�YLGHR� FOLSV�

&OLSV� DW����� ISV�ZHUH� WUDFHG�RQ� WUDQVSDUHQFLHV�IUDPH�E\�
IUDPH�IRU�DQDO\VLV� RI�FLOLXP� DQG�SDUWLFOH� SDWKV��0HDVXUH�
PHQWV�ZHUH� IURP���YLGHR� FOLSV� IURP�RQH� LQGLYLGXDO� LQ������
DQG� ���IURP�WZR�LQGLYLGXDOV� LQ������ZLWK� WKH�GHVLUHG�YHOXP�
RULHQWDWLRQ�DQG�ZLWK�FLOLXP�DQG�SDUWLFOH�QHDU�WKH�IRFDO�SODQH��
7KH� ODUYDH� LQ�WKHVH�YLGHR� FOLSV�ZHUH� ������ GD\V�SRVWKDWFK�
LQJ�DQG�KDG�D�PD[LPXP� VKHOO�OHQJWK�RI����� MDP�DQG�D�PHDQ�

SURWRWURFKDO�FLOLXP� OHQJWK�RI������ MDP��Q� � ��� IRU�WKH������
LQGLYLGXDO�DQG������ MDP��Q�

 � ��HDFK�� IRU�WKH������ LQGLYLG�
XDOV�� 3DUWLFOH�SDWKV�ZHUH� REVHUYHG� XVXDOO\� LQ�D�YHQWUDO�YLHZ�
RI�WKH�YHOXP� DQG� VRPHWLPHV� LQ�D�GRUVDO� YLHZ��ZLWK� WKH�FLOLD�

SDUDOOHO� WR�WKH�SODQH� RI�IRFXV��0HDVXUHPHQWV� LQFOXGHG�GLV�
WDQFH�RI�SDUWLFOH� IURP�YHODU� HGJH� �)9(�� DQG� GXUDWLRQ� RI�

FDSWXUH� HYHQW��&LOLXP� �&�� DQG�SDUWLFOH� �3�� YHORFLWLHV� ZHUH�
FDOFXODWHG� IURP�VWUDLJKW�OLQH�VHJPHQW�PHDVXUHPHQWV� IURP�
FLOLXP� WR�FLOLXP� DQG� SDUWLFOH� WR�SDUWLFOH� IRU�FRQVHFXWLYH�
IUDPHV��6WUDLJKW�OLQH�VHJPHQWV�ZHUH� DGGHG� DQG� WKHQ�GLYLGHG�

E\� WLPH��%HFDXVH� DUFV�ZHUH� VKRUW��OHVV� WKDQ�D���"� DQJOH���
VWUDLJKW�OLQH�DSSUR[LPDWLRQV� LQ�WKH���PV� LQWHUYDOV�EHWZHHQ�
IUDPHV�ZHUH�ZLWKLQ� ��� RI� WKH�WUXH�GLVWDQFH��
9HORFLWLHV� RI�FLOLD� LQ�WKHLU�HIIHFWLYH�VWURNHV�LQFUHDVH�ZLWK�

GLVWDQFH� IURP�WKH�EDVH� RI�WKH�FLOLXP��$QJXODU� YHORFLWLHV� DUH�
WKHUHIRUH�H[SHFWHG� WR�YDU\� OHVV� WKDQ�YHORFLWLHV� DW�GLIIHUHQW�
GLVWDQFHV� DORQJ� D�FLOLXP�� ,Q�RXU�GDWD��FLOLXP�YHORFLWLHV�ZHUH�

JUHDWHU� WRZDUG� WKH�FLOLXP� WLSV��DV� H[SHFWHG�� EXW� WKHUH�ZDV�

PXFK� YDULDWLRQ��SUHVXPDEO\� IURP�GLIIHUHQFHV� LQ�YHORFLWLHV�
RI�VWURNHV�DQG�HUURUV�LQ�HVWLPDWLQJ�SRVLWLRQ� RI�WKH�EDVH� RI�D�

FLOLXP� DW� WKH�YHODU� HGJH��:H� WKHUHIRUH�FRPSDUHG� UDWLRV�RI�
YHORFLWLHV� RI�FLOLXP�DQG�SDUWLFOH�DQG�GLG�QRW�HVWLPDWH�DQJXODU�
YHORFLWLHV��

&LOLXP� DQG� SDUWLFOH� YHORFLWLHV� ZHUH� REWDLQHG� IRU�GLUHFW�

FDSWXUHV� IRU� WKUHH� VHJPHQWV� RI� WKH�SURWRWURFK� HIIHFWLYH�
VWURNH�� ����EHIRUH� LQLWLDO�SDUWLFOH� LQWHUFHSWLRQ������ IURP�LQ�

WHUFHSWLRQ�WKURXJK�WKH�PLGGOH� RI�WKH�HIIHFWLYH�VWURNH��DQG� ����
DW�WKH�HQG�RI�WKH�HIIHFWLYH�VWURNH��ZKLFK�ZDV� LQ�WKH�ODVW�WKLUG�
RI�WKH�VWURNH��EHIRUH� WKH�SDUWLFOH�ZDV� WUDQVIHUUHG�WR�WKH�IRRG�

JURRYH� �)LJ�� ����%HFDXVH� SDUWLFOHV�ZHUH� LQWHUFHSWHG�DW�GLI�
IHUHQW�SDUWV�RI�HIIHFWLYH�VWURNHV��WKH�ERXQGDU\�EHWZHHQ� LQL�
WLDO�DQG�PLG� VWURNH��DW�ZKLFK� LQLWLDO�SDUWLFOH� LQWHUFHSWLRQ�
RFFXUUHG�� GLIIHUHG�DPRQJ� FDSWXUHV��EXW� LQWHUFHSWLRQV�ZHUH�

XVXDO� E\� WKH�PLGGOH� WKLUG�RI� WKH�HIIHFWLYH�VWURNH��)RU� QRQ�

FDSWXUH�HYHQWV� �SDUWLFOH�PLVVHG��� FLOLXP� DQG�SDUWLFOH�YHORF�
LWLHV�ZHUH� REWDLQHG� IRU�WKH�PLGGOH� WKLUG�RI� WKH�HIIHFWLYH�
VWURNH��

5HVXOWV�

'LUHFW� LQWHUFHSWLRQ�RI�SDUWLFOHV� E\�SURWRWURFKDO� FLOLD�

9LGHR� UHFRUGLQJV�FRQILUPHG�NH\�HOHPHQWV�RI�WKH�K\SRWK�
HVLV� RI�FDSWXUH�E\�GLUHFW� LQWHUFHSWLRQ�E\�FLOLD� LQ�WKHLU�HIIHF�
WLYH�VWURNHV��WKH�FDWFK�XS�K\SRWKHVLV��� ,Q�WKLV�K\SRWKHVLV� D�

FLOLXP� FDSWXUHV� D�SDUWLFOH�E\�DGKHULQJ� WR�LW��7R� FRQWDFW� WKH�

SDUWLFOH��D�SURWRWURFKDO�FLOLXP�RYHUWDNHV�D�SDUWLFOH�GXULQJ�LWV�
HIIHFWLYH�VWURNH��:LWK� FRQWDFW�DQG�DGKHVLRQ�� WKH�SURWRWRWUR�
FKDO� FLOLXP� DFFHOHUDWHV� WKH�SDUWLFOH��DQG�FLOLXP� DQG�SDUWLFOH�
WKHQ�WUDYHO�WRJHWKHU�WKURXJK�WKH�UHVW�RI�WKH�FLOLXP
V� HIIHFWLYH�
VWURNH��7KH� FDSWXUHG� SDUWLFOH� LV�SUHGLFWHG� WR� WUDYHO� LQ�D�
FXUYHG� SDWK�ZLWK� WKH�FLOLDU\� HIIHFWLYH� VWURNH�DQG�ZLWK� D�
FLOLXP� �WR�SDUWLFOH�YHORFLW\� UDWLR��&�3��RI���RU�FORVH� WR����$Q�
H[WHQVLRQ� RI� WKLV�K\SRWKHVLV� LV� WKDW�WKH�FLOLXP� WDNHV� WKH�

SDUWLFOH� LQZDUG�ZLWK� LWV�UHFRYHU\� VWURNH�WRZDUG�WKH�ODWHUDO�

HGJH�RI�WKH�YHOXP��ZKHUH� WKH�SDUWLFOH� LV�VXEVHTXHQWO\�PRYHG�
LQWR�WKH�IRRG�JURRYH�� ,I�WKH�FLOLXP� GRHV� QRW�DGKHUH� WR�WKH�

SDUWLFOH�� LW�WKHQ�SDVVHV� WKH�SDUWLFOH�DQG� WKHUH�LV�QR�FDSWXUH�E\�
GLUHFW� LQWHUFHSWLRQ��
'LUHFW� LQWHUFHSWLRQ�UHTXLUHV�DGKHVLRQ� RI�FLOLXP� DQG�SDU�

WLFOH��7ZR� FDSWXUHV� RI�FKDLQV� ��� FHOOV� ORQJ��RI� WKH�GLDWRP�
6NHOHWRQHPD� FRVWDWXP� GHPRQVWUDWHG� DGKHVLRQ� �)LJ�� ����$�

SURWRWURFKDO�FLOLXP�FRQWDFWHG�SDUW�RI�WKH�FKDLQ�RI�FHOOV� DQG�
WKHQ�SXOOHG� WKH�FKDLQ� LQ�WRZDUG�WKH�IRRG�JURRYH� GHVSLWH� WKH�

GUDJ�RQ� WKH�FKDLQ� �)LJ�� �'�� (� DQG�*�,��� ,Q� WKHVH�REVHUYD�

WLRQV��WKH�FDSWXULQJ�FLOLXP�ZDV� LQ�LWV�VWUDLJKW�HIIHFWLYH�VWURNH�
DQG� WKHQ�EHJDQ� LWV�UHFRYHU\�VWURNH�ZKLOH� LQ�FRQWDFW�ZLWK� WKH�

SDUWLFOH� �VHH�YLGHR� FOLSV������DQG�������KWWS���ZZZ�ELROEXOO��
RUJ�VXSSOHPHQWDO����

,QWHUFHSWLRQV� RFFXUUHG� DORQJ� WKH� OHQJWK�RI� WKH�FLOLXP��
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)LJXUH� ��� $GKHVLRQ� EHWZHHQ� FLOLXP� DQG� FHOOV� RI� WKH�GLDWRP� 6NHOHWRQHPD� FRVWDWXP� �VHH� VXSSOHPHQWDU\� YLGHR�

FOLSV� ����� DQG� ������ KWWS���ZZZ�ELROEXOO�RUJ�VXSSOHPHQWDO���� 'RUVDO� YLHZ� RI� YHODU� OREH��ZLWK� SURWRWURFK� �3���
PHWDWURFK� �0��� DQG� IRRG�JURRYH� �)*�� LQGLFDWHG� LQ�IUDPH�$�� 1XPEHUV� DW� ORZHU� OHIW�DUH� WLPHV� LQ�PLOOLVHFRQGV�� �$��
'LDWRP� FKDLQ� LV�ZLWKLQ� WKH�]RQH� VZHSW�E\� WKH�SURWRWURFK
V� HIIHFWLYH� VWURNH�� �%��$W� OHDVW�WKUHH�FLOLD� DUH�DVVRFLDWHG�

ZLWK� WKH�FKDLQ�� �&��2QH� FLOLXP� �EODFN� DUURZ�� LQ�FRQWDFW�ZLWK� RQH� SDUW�RI� WKH�FKDLQ�� �'��(�� &LOLXP� WXJV�GLDWRP�

FKDLQ� WRZDUG� WKH�IRRG�JURRYH�� �)�� 6DPH� LQGLYLGXDO�PRPHQWV� ODWHU��ZLWK� D� VHFRQG� GLDWRP� FKDLQ� IUHH�RI�FLOLD�� �*��
2QH� SDUW�RI�FKDLQ� LQ�FRQWDFW�ZLWK� FLOLXP� �EODFN� DUURZ�� DQG� �+�� ,�� WXJJHG� WRZDUG� IRRG� JURRYH� DV� FLOLXP� EHQGV��

ZLWK� WKH�IDUWKHVW�DW������ MDP�DQG� WKH�FORVHVW� DW� ����� MDP�)9(�

�)LJ����"SUHVXPDEO\� WKH�GLVWDQFH� IURP�WKH�EDVH� RI�SURWRWUR�
FKDO�FLOLD��3DUWLFOHV�ZHUH� DOVR�PLVVHG� DORQJ� WKH�OHQJWK�RI�WKH�

FLOLXP��ZLWK� WKH�IDUWKHVW�DW������ MDP�)9(� DQG� WKH�FORVHVW� DW�
����� MDP�)9(� �)LJ�� ����&LOLXP� DQG�SDUWLFOH�YHORFLW\�DQG�&�3�

YHORFLW\� UDWLR� IRU�FDSWXUHV� E\� GLUHFW� LQWHUFHSWLRQ�RI� ,VR�

FKU\VLV� JDOEDQD�� 5KRGRPRQDV� VS��� 6NHOHWRQHPD� FRVWDWXP��

DQG� D� ���[P�SODVWLF� VSKHUH�DUH� VXPPDUL]HG� LQ�7DEOH� ��IRU�

LQLWLDO��PLGGOH�� DQG�HQG�RI�HIIHFWLYH�VWURNH���7KHVH� FDSWXUHV�
DUH� LQFOXGHG� LQ�)LJ�� ����7KH� &�3� UDWLR�ZDV� JUHDWHU�QHDU� WKH�

EHJLQQLQJ� RI� WKH�HIIHFWLYH� VWURNH�DQG� FORVHU� WR� ��DW� WKH�
PLGGOH� DQG�HQG�RI�WKH�HIIHFWLYH�VWURNH��Q� � ��FDSWXUHV���)RU�
DOO�SDUWLFOH� W\SHV�WKH�SDUWLFOH�DFFHOHUDWHG� IURP�LQLWLDO�WR�PLG�
HIIHFWLYH�VWURNH��Q� � ��FDSWXUHV��3� �� ������ VLJQ�WHVW���7KLV�
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)LJXUH� ��� 3DUWLFOH� FDSWXUH� VXFFHVV� IURP� GLUHFW� LQWHUFHSWLRQ� DORQJ�
OHQJWK�RI�SURWRWURFK� �3�� FLOLD��8QLWV� DUH� LQ�PLFURPHWHUV�� 7KH� SURWRWURFK� FLOLD�
DUH� DOPRVW� VWUDLJKW� LQ� WKHLU�HIIHFWLYH� VWURNHV� DQG�PRYH� LQ�DQ� DUF� IURP�
DQWHULRU� WR�SRVWHULRU�� 7KH� FLOLD� DUH� EHQW� GXULQJ� WKH�UHFRYHU\� VWURNHV�� 6XF�
FHVVIXO� FDSWXUHV� �� ��FXOPLQDWHG� LQ�WUDQVIHUV�RI�SDUWLFOHV� WR�WKH�IRRG�JURRYH��
DQG�PLVVHV� �2�� FXOPLQDWHG� LQ�ORVV�RI�SDUWLFOHV�� 7KUHH� SDUWLFOHV� �
��ZHUH� ORVW�
IURP�D� SURWRWURFK� FLOLXP� DQG� WKHQ�FDSWXUHG� E\� D�PHWDWURFK� FLOLXP� �VHH�

H[DPSOH� LQ�)LJ�� �����$UURZV� VKRZ� GLUHFWLRQV� RI�PRYHPHQW� RI� FLOLD��

DFFHOHUDWLRQ� RI�D�SDUWLFOH�FRUUHVSRQGHG� WR�WKH�FLOLXP�KDYLQJ�
RYHUWDNHQ� WKH�SDUWLFOH�DQG� WKHQ�PRYLQJ�ZLWK� LW��7KH� JUHDWHVW�
FLOLXP� DQG� SDUWLFOH� YHORFLWLHV� ������ DQG� ����� >LP�PV����
UHVSHFWLYHO\�� DW�WKH�PLG� HIIHFWLYH�VWURNH�RFFXUUHG�GXULQJ�DQ�

LQWHUFHSWLRQ�DW� WKH� WLS�RI� WKH�FLOLXP� ������ M/WP�)9(��� $�

JHQHUDO� WUHQG�ZDV� JUHDWHU� FLOLXP� DQG� SDUWLFOH� YHORFLWLHV�
IDUWKHU�IURP�WKH�YHODU� HGJH� �)LJ���$��%��� &LOLXP� YHORFLWLHV�
ZHUH� VLPLODU�LQ�ERWK�FDSWXUHV�DQG�QRQ�FDSWXUHV��DQG�SDUWLFOH�
YHORFLWLHV�ZHUH� JUHDWHU�LQ�FDSWXUHV� WKDQ�LQ�QRQ�FDSWXUHV� �)LJ��
�$��%��� 5DWLRV� RI�FLOLXP�YHORFLW\� WR�SDUWLFOH�YHORFLW\� �&�3��
LQ�WKH�FDSWXUH� HYHQWV�ZHUH� FORVHU� WR� �� WKDQ� LQ� WKH�QRQ�

FDSWXUH�HYHQWV� �)LJ���&��� DV�SUHGLFWHG�IRU�GLUHFW�LQWHUFHSWLRQ��
6HYHUDO� H[DPSOHV� RI� WKHVH�FDSWXUHV� IROORZ��

,Q�D� GLUHFW� LQWHUFHSWLRQ� FDSWXUH� RI� DQ� ���JDOEDQD� FHOO�

�)LJ�� ���DOVR� VHH�YLGHR� FOLS�������KWWS���ZZZ�ELROEXOO�RUJ��
VXSSOHPHQWDO���� WKH�SDUWLFOH� HQWHUHG� WKH�]RQH� VZHSW� E\�
SURWRWURFKDO� FLOLD� DW������ ILP�)9(� ZLWK� D�YHORFLW\� RI������

�[P�PV��� �)LJ�� �$��� 7KH� SDUWLFOH� VORZHG� WR������ �[P�
PV��� ZLWK� D� &�3� YHORFLW\� UDWLR� RI� ����� EHIRUH� LW�ZDV�
RYHUWDNHQ� E\� D� FLOLXP� DW������ �[P�)9(� �)LJ�� �%�� DQG�
DFFHOHUDWHG� WR������ �[P�PV��� ZLWK� D�&�3� YHORFLW\� UDWLR�RI�
���%RWK� SDUWLFOH� DQG� FLOLXP� VORZHG� WR����� �[P�PV��� DQG�
WKHQ�WR� ����� �[P�PV���� WKH�SDUWLFOH� UHDFKLQJ� LWV� ORZHVW�

YHORFLW\� RI������ �[P�PV��� DV� LW�PRYHG� ZLWK� WKH�FLOLXP
V�

UHFRYHU\� VWURNH� LQZDUG�WRZDUG�WKH�HGJH� RI�WKH�YHOXP� �)LJ��
�(�� )��� 7KH� &�3� YHORFLW\� UDWLR�ZDV� ����� WRZDUG�WKH�HQG�RI�
WKH�FLOLXP
V� HIIHFWLYH� VWURNH��7KH� SDUWLFOH� UHPDLQHG� LQ�WKH�
VDPH� SRVLWLRQ� IRU�DERXW� ���PV� �)LJ�� �*�� EHIRUH� LW�PRYHG�
WRZDUG� WKH�IRRG�JURRYH� �)LJ�� �+��� ,W�FRQWLQXHG� WR�PRYH�

DORQJ� WKH�IRRG� JURRYH� ZLWK� D�YHORFLW\� RI������ �[P�PV���

�)LJ�� �����'XULQJ� WKH�SDUWLFOH
V� WUDYHO�ZLWK� WKH�FLOLXP�� LW�
IROORZHG� WKH�FXUYHG� DUF� RI� WKH�FLOLXP
V� HIIHFWLYH� VWURNH�

�)LJ�� ����$QRWKHU� ,��JDOEDQD� FHOO�ZDV� LQWHUFHSWHG�QHDU� WKH�

WLS�RI�D�FLOLXP� ������ �[P�)9(�� �)LJ�� ��� DOVR� VHH�YLGHR� FOLS�
������ KWWS���ZZZ�ELROEXOO�RUJ�VXSSOHPHQWDO���� 7KH� SDUWL�
FOH�ZDV� DFFHOHUDWHG� IURP������ �[P�PV��� WR�D�PD[LPXP�

YHORFLW\� RI� ����� �[P�PV��� ZLWK� D�&�3� YHORFLW\� UDWLR�RI�
����� �7DEOH� ����
2WKHU� SDUWLFOHV� WKDW�ZHUH� FDSWXUHG�E\�GLUHFW� LQWHUFHSWLRQ�

ZHUH� 5KRGRPRQDV� VS��� 6�� FRVWDWXP�� DQG� D� ���[P� SODVWLF�

VSKHUH��,Q�������ZH� QHYHU�REVHUYHG� FHOOV�RI�5KRGRPRQDV� VS��
EHLQJ� UHWDLQHG�E\� WKH�FLOLD� RU� LQJHVWHG��ZLWK� LQJHVWLRQ�DV�
VHVVHG� E\�JXW�FRORU�� ,Q������� KRZHYHU�� ODUYDH�IHG�D�PL[WXUH�
RI�5KRGRPRQDV� VS�� DQG� ���JDOEDQD� FDSWXUHG� DQG� LQJHVWHG�
ERWK�NLQGV�RI�DOJDH�� ,Q�D�5KRGRPRQDV� VS��FDSWXUH� �)LJ�� ���
7DEOH� ����WKH�SDUWLFOH� VORZHG� IURP������ �[P�PV��� WR� �����

�[P�PV��� ZKHQ� WKH�FLOLXP�SDVVHG� LW�ZLWK�D�&�3�YHORFLW\�UDWLR�
RI� �����7KH� SDUWLFOH� WKHQ�EHJDQ� WR�PRYH� WKURXJK�WKH�HIIHF�
WLYH� VWURNH� LQ�DVVRFLDWLRQ� ZLWK� WKH�FLOLXP� �)LJ�� �$�&���
'XULQJ� WKH�HIIHFWLYH� VWURNH� WKH�FHOO� RI�5KRGRPRQDV� VS��
PRYHG� IURP�WKH�WUDLOLQJ�WR�WKH� OHDGLQJ� VLGH�RI� WKH�FLOLXP�

�)LJ�� �$��%��� KHQFH� WKH�ORZ�&�3� YHORFLW\� UDWLR�RI����� DW�PLG�
HIIHFWLYH� VWURNH� �7DEOH� ����'XULQJ� D� ���PV� LQWHUYDO��WKH�

7DEOH� ��

&LOLXP� DQG� SDUWLFOH� YHORFLWLHV� DQG� &�3� YHORFLW\� UDWLRV� LQ�GLUHFW� LQWHUFHSWLRQ� FDSWXUHV�

,QLWLDO� HIIHFWLYH� VWURNH� 0LG� HIIHFWLYH� VWURNH�

�EHIRUH� LQWHUFHSWLRQ�� �DIWHU� LQWHUFHSWLRQ�� (QG� HIIHFWLYH� VWURNH�

'LVWDQFH� &LOLXP� 3DUWLFOH� &LOLXP� 3DUWLFOH� &LOLXP�3DUWLFOH�
)9(� YHORFLW\� YHORFLW\� &�3� YHORFLW\� YHORFLW\� &�3� YHORFLW\� YHORFLW\� &�3�

3DUWLFOH� �0P�� �M/WP�PV�� ��[P�PV�� UDWLR� ��[P�PV�� ��[P�PV�� UDWLR� ��[P�PV�� ��[P�PV��UDWLR�

,VRFKU\VLV� JDOEDQD� ����� ����� ����� ����� ����� ����� ����� "������ "�

,��JDOEDQD� ����� ����� ����� ����� ����� ����� ����� ����� ����� �����
,��JDOEDQD� ����� "� ����� "� ����� ����� ����� "� ����� "�

,��JDOEDQD� ����� "� ����� "� ����� ����� ����� "� ����� "�

6NHOHWRQHPD� FRVWDWXP� ����� "� ����� "� ����� ����� ����� ����� ����� �����
6�FRVWDWXP� ����� ����� ����� ����� ����� ����� ����� "������ "�

5KRGRPRQDV� ����� ����� ����� ����� ����� ����� ����� "� ����� "�

���[P�
VSKHUHB�A�B"B"B�A��B�����

�����
����B�����

�����

)9(")URP� 9HODU� (GJH��
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'LVWDQFH� )URP�9HODU� (GJH� �XUQ��

)LJXUH� ��� 9HORFLWLHV� RI�,VRFKU\VLV� JDOEDQD� SDUWLFOHV� IRU��� ��VXFFHVVIXO�

GLUHFW� LQWHUFHSWLRQ� FDSWXUHV� �Q�
 �

��� DQG� �2�� QRQ�FDSWXUHV� �Q�
 �

���� �7RS��
9HORFLWLHV� LQ�PLG� HIIHFWLYH� VWURNH� IRU�FLOLD� DVVRFLDWHG� ZLWK� SDUWLFOHV� LQ�

FDSWXUHV� DQG� IRU�FLOLD� SDVVLQJ� SDUWLFOHV� LQ�QRQ�FDSWXUHV�� �0LGGOH�� 3DUWLFOH�

YHORFLWLHV� LQ�PLG� HIIHFWLYH� VWURNH�� �%RWWRP�� &LOLXP�WR�SDUWLFOH� YHORFLW\�
UDWLRV� �&�3�� LQ�PLG� HIIHFWLYH� VWURNH��

SDUWLFOH� WKHQ�PRYHG� LQZDUG�WRZDUG�WKH�YHODU� HGJH�ZLWK� WKH�

FLOLXP
V� UHFRYHU\� VWURNH��ZKHUH� LW�ZDV� URWDWHG�E\� DQRWKHU�
FLOLXP� �)LJ�� �'��� 7KH�PRYHPHQW� RI�WKH�5KRGRPRQDV� FHOO� WR�

WKH� OHDGLQJ� HGJH� RI� WKH�FLOLXP� �)LJ�� �$�� %�� PD\� KDYH�

UHVXOWHG�IURP�LWV�IODJHOODU�EHDW� �VHH� YLGHR� FOLS�������KWWS����

ZZZ�ELROEXOO�RUJ�VXSSOHPHQWDO���� ,Q� DQRWKHU� HYHQW�� D�

5KRGRPRQDV� FHOO� WKDW�KDG�EHHQ� FDSWXUHG�DQG�WDNHQ�DORQJ� WKH�
IRRG�JURRYH� WKHQ�UHYHUVHG�DORQJ� DQG�RXW�RI�WKH�IRRG�JURRYH�
RQ� D� SDWK� GLIIHUHQW�IURP� LWV�SDWK� RI� HQWU\�� LQGLFDWLQJ� D�

SRVVLEOH� HVFDSH� E\� WKH�PRWLOH� FHOO��

7ZR� FKDLQV�RI�6�� FRVWDWXP�ZHUH� RYHUWDNHQ�QHDU�WKH�WLSV�RI�

SURWRWURFKDO�FLOLD� �DW������ DQG������ M[P�)9(�� ZLWK�RQO\� ����

PV� EHWZHHQ� FDSWXUHV��(DFK� FKDLQ� RI�FHOOV� WUDYHOHG� LQ�FRQ�

MXQFWLRQ�ZLWK� D� FLOLXP� WKURXJK�LWV�HIIHFWLYH� VWURNH��ZLWK� D�
&�3�YHORFLW\�UDWLR�RI�DERXW� ��IRU�WKH�ILUVW�FKDLQ�DQG�D�UDWLR�RI�
����� IRU�WKH�VHFRQG�FKDLQ� �7DEOH� ���DOVR� VHH�YLGHR� FOLS�������

KWWS���ZZZ�ELROEXOO�RUJ�VXSSOHPHQWDO����
$� ��MDP�SODVWLF� VSKHUH�ZDV� DOVR� LQWHUFHSWHG�QHDU�WKH�WLS�RI�

D�FLOLXP� ������ MDP�)9(��� 7KH� SDUWLFOH�ZDV� DFFHOHUDWHG� IURP�
����� MDP�PV��� WR����� MDP�PV��� DQG� WUDYHOHG�LQ�FRQMXQFWLRQ�
ZLWK� WKH�FLOLXP�ZLWK� D�&�3� YHORFLW\� UDWLR�RI� ��IURP�LQWHU�

FHSWLRQ� WR�WKH�HQG�RI� WKH�FLOLXP
V� HIIHFWLYH�VWURNH��VORZLQJ�
WR������ MDP�PV��� WRZDUG� WKH�HQG� RI� WKH�HIIHFWLYH� VWURNH�

�7DEOH� ����
'LUHFW� LQWHUFHSWLRQ�FDSWXUH� HYHQWV� ODVWHG� DQ� DYHUDJH� RI�

����PV� �"��� 6'�� Q� � ��� IURP�WKH�WLPH�WKH�SDUWLFOH�HQWHUHG�
WKH�]RQH� VZHSW�E\�SURWRWURFKDO�HIIHFWLYH�VWURNHV�WR�WKH�WLPH�
LW�HQWHUHG� WKH�IRRG� JURRYH�� 'XUDWLRQV� RI� FDSWXUHV� ZHUH�

ORQJHU� WKDQ�WKH�GXUDWLRQ� RI� WKH����PV�PHWDFKURQDO� ZDYHV�

EHFDXVH� RI� WKH�GXUDWLRQ�RI� WUDQVIHUV�LQWR�WKH�IRRG�JURRYH��
7KH� DYHUDJH� WLPH�WKDW�SDUWLFOHV� WUDYHOHG�LQ�FRQMXQFWLRQ�ZLWK�
FLOLD� WKURXJK�WKH�HIIHFWLYH�VWURNH�ZDV� ���PV� �"�� 6'�� Q� � ���
DQG����PV� �"�� 6'�� Q� � ��� RQ� WKH�UHFRYHU\� VWURNH��

2WKHU� FDSWXUHV�

2WKHU� FDSWXUHV� GLIIHUHG� IURP�GLUHFW� LQWHUFHSWLRQ�E\� D�

VLQJOH� SURWRWURFKDO� FLOLXP� LQ� LWV�HIIHFWLYH� VWURNH�� ,Q� WZR�
FDVHV� D�SDUWLFOH�����JDOEDQD�� ZDV� LQWHUFHSWHG�E\�PXOWLSOH� FLOLD�
DV� LW�SDVVHG� WKURXJK�WKH�SURWRWURFKDO�HIIHFWLYH�VWURNHV��7KHVH�

FDSWXUHV�DSSHDUHG� WR�EH� LQVWDQFHV�RI�GLUHFW� LQWHUFHSWLRQ�EXW�
LQYROYHG�PRUH� WKDQ�D� VLQJOH�SURWRWURFKDO� FLOLXP�� ,Q�RQH� RI�
WKHVH�HYHQWV� WKH�SDUWLFOH�ZDV� UHWDLQHG�ZLWKLQ� WKH�DUHD� RI�

SURWRWURFKDO�UHFRYHU\�VWURNHV�IRU�VHYHUDO�PLOOLVHFRQGV� �)LJ��
���� ,Q�WKH�RWKHU�HYHQW�WKH�SDUWLFOH�ZDV� WDNHQ�LQZDUG�ZLWK� WKH�

SURWRWURFKDO� UHFRYHU\� VWURNHV��IROORZLQJ� D� SDWK� VLPLODU� WR�
WKRVH�LQ�FDSWXUHV�ZLWK�GLUHFW� LQWHUFHSWLRQ��,Q�ERWK�HYHQWV� WKH�

SDUWLFOH� SDVVHG� WKURXJK�WKH�SURWRWURFKDO� HIIHFWLYH� VWURNHV�
FORVH� WR�WKH�UHFRYHU\� VWURNHV�������� MDP�)9(� �)LJ�� ��� DQG�
����� MDP�)9(�� 2QH� SDUWLFOH� �)LJ�� ���ZDV� LQWHUFHSWHG�E\� D�

WRWDO�RI� WKUHH�FLOLD�� WKH�ILUVW�RI�ZKLFK� RYHUWRRN� WKH�SDUWLFOH�
�)LJ���%�� DQG�DFFHOHUDWHG� LW�IURP������ MDP�PV��� WR������ MDP�
PV��� DV� LW�PRYHG� WKURXJK�WKH�HIIHFWLYH� VWURNH�ZLWK� D�&�3�

YHORFLW\� UDWLR�RI� ��EHIRUH� WKH�SDUWLFOH�ZDV� �KDQGHG�RII
� WR�
WKH�VHFRQG� FLOLXP� �)LJ�� �&�� DW� ��� MDP�)9(�� 7KH� VHFRQG�

FLOLXP� DQG�SDUWLFOH�KDG� D�YHORFLW\� RI������ MDP�PV��� DQG� D�

&�3� YHORFLW\� UDWLR�RI� ��IRU�WKH�ILUVW���PV� RI� WKHLU����PV�
DVVRFLDWLRQ�� 7KH� FLOLXP� ORVW�LWV�DVVRFLDWLRQ�ZLWK� WKH�SDUWLFOH��
DQG� D� FOHDU� DVVRFLDWLRQ� ZLWK� WKH�WKLUG�FLOLXP� LV� VKRZQ� LQ�

)LJXUH� �(�� ��PV� ODWHU��7KH� SDUWLFOH�IROORZHG� WKH�WKLUG�FLOLXP�
LQZDUG�ZLWK� WKH�FLOLXP
V� UHFRYHU\� VWURNH��EXW� LQVWHDG�RI�

PRYLQJ� GLUHFWO\� LQWR�WKH�IRRG�JURRYH� WKH�SDUWLFOH�ZDV� GH�
WDLQHG�ZLWKLQ� WKH�SURWRWURFK
V� UHFRYHU\� VWURNH�DUHD� IRU�����
PV� �)LJ�� �)�� EHIRUH� LW�PRYHG� WRZDUG�WKH�IRRG�JURRYH� �)LJ��
�*��� $� VHFRQG�SDUWLFOH�HQWHUHG�WKH�]RQH� VZHSW�E\�SURWRWUR�
FKDO�FLOLD� DW���� MDP�)9(� ZLWK�D� VSHHG�RI����� MDP�PV��� DV� WKH�
ILUVW�SDUWLFOH�PRYHG� LQWR�WKH�IRRG� JURRYH� �)LJ�� �*��� 7KH�
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)LJXUH� ��� 'LUHFW� LQWHUFHSWLRQ� RI� WKH�DOJD� ,VRFKU\VLV� JDOEDQD� �VHH� VXSSOHPHQWDU\� YLGHR� FOLS� ������ KWWS����

ZZZ�ELROEXOO�RUJ�VXSSOHPHQWDO���� 9HQWUDO�ODWHUDO� YLHZ� RI�YHOXP�� &LOLDU\� EHDW� LV�SDUDOOHO� WR�WKH�SODQH� RI� IRFXV��

/DEHOV� RI�FLOLDU\� EDQGV� LQ�IUDPH�$� DQG� WLPHV�DV� LQ�)LJ�� ��� 6\PERO�

�PDUNV� FLOLXP� LQ�LWV�HIIHFWLYH� VWURNH�PRYLQJ�

LQLWLDOO\�IURP�DQWHULRU� WR�SRVWHULRU�� �$�� 3DUWLFOH� �EODFN� DUURZ�� LV� LQ�]RQH� VZHSW� E\�SURWRWURFK� HIIHFWLYH� VWURNHV��

�%�� 3DUWLFOH� LV�RYHUWDNHQ� E\� FLOLXP�� �&�(�� 3DUWLFOH� FRQWLQXHV� WR�PRYH� LQ�FRQMXQFWLRQ� ZLWK� FLOLXP�� �)�� 3DUWLFOH� LV�

PRYHG� LQZDUG� WRZDUG� ODWHUDO� HGJH� RI� YHOXP� ZLWK� FLOLXP
V� UHFRYHU\� VWURNH�� �*�,�� %ODFN� DUURZKHDG� SRLQWV� WR�

SDUWLFOH�� �*�� 3DUWLFOH� KDV� UHPDLQHG� QHDU� ODWHUDO�HGJH� RI�YHOXP� IRU� ���PV� EHIRUH� �+�� LW�PRYHV� WRZDUG�IRRG� JURRYH�
DQG� �,�� LV�WUDQVSRUWHG�RQ� IRRG� JURRYH� DW������ �[P�PV����

VHFRQG�SDUWLFOH�DFFHOHUDWHG� WR������ MDP�PV��� DQG�PRYHG� WR�
����� MDP�)9(� ZKLOH� FLOLD�SDVVHG� LW��)LJ���+�� ,���$�PLQLPXP�
RI�HLJKW�FLOLD� WKDW�ZHUH� YLVLEOH� SDVVHG� WKH�SDUWLFOH��2QH� RI�
WKRVH�FLOLD�SDVVHG� WKH�SDUWLFOH�DW�D�YHORFLW\�RI����� MDP�PV���
ZLWK� D�&�3� YHORFLW\� UDWLR�RI� ����� IRU���PV� DQG� WKHQ�D�&�3�

YHORFLW\�UDWLR�RI� �����IRU����PV�� 7KH� SDUWLFOH� VORZHG� WR������

MDP�PV��� DQG� UHDFKHG� ����� MDP�)9(� DV� LW�OHIW�WKH�]RQH�

VZHSW�E\�SURWRWURFKDO� HIIHFWLYH� VWURNHV��DQG� WKHQ�FRQWLQ�
XHG� WR� VORZ� WR������ MDP�PV��� �VHH� YLGHR� FOLS� ������

KWWS���ZZZ�ELROEXOO�RUJ�VXSSOHPHQWDO����,Q� WZR�RWKHU�HYHQWV��
ORVW�SDUWLFOHV�KDG� D� VLPLODU�WUDMHFWRU\��
<HW� DQRWKHU�FDSWXUH�GLIIHULQJ�IURP�GLUHFW� LQWHUFHSWLRQ�E\�
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)LJXUH� ��� &XUYHG� SDWK� RI�SDUWLFOH� DV� WKH�FLOLXP� DQG� SDUWLFOH�PRYH� WRJHWKHU� WRZDUG� WKH�IRRG� JURRYH� GXULQJ�
WKH� LQWHUFHSWLRQ� LQ�)LJ�� ���7LPHV� LQ�PLOOLVHFRQGV� �XSSHU� OHIW��FRUUHVSRQG� WR�WLPHV� LQ�)LJ�� ���7KH� SRVLWLRQV� RI� WKH�

SDUWLFOH� LQ�SUHFHGLQJ� IUDPHV� DUH�PDUNHG� LQ�WKH�IUDPH�DW����PV��

D�SURWRWURFKDO�FLOLXP� RFFXUUHG�ZKHQ� D�SDUWLFOH�����JDOEDQD��
PRYHG� WKURXJK�WKH�DUHD� VZHSW�E\�WKH�SURWRWURFKDO�HIIHFWLYH�

VWURNHV��UHPDLQLQJ� FORVH� WR� WKH�UHFRYHU\� VWURNHV� ���� MXP�
)9(��� 3URWRWURFKDO� FLOLD� LQ�WKHLU�HIIHFWLYH�VWURNHV�SDVVHG� WKH�

SDUWLFOH� ZLWKRXW� DQ\� LQWHUFHSWLRQV� �VHH� )LJ�� ��$�&� DQG�
YLGHR� FOLS�������KWWS���ZZZ�ELROEXOO�RUJ�VXSSOHPHQWDO���� ,I�

WKH�SDUWLFOH�ZDV� UHWDLQHG�E\�GLUHFW� LQWHUFHSWLRQ��LW�ZDV� QRW�
XQWLO�QHDU� WKH�HQG�RI�HIIHFWLYH� VWURNHV�RU� WKH�EHJLQQLQJ� RI�

UHFRYHU\� VWURNHV��7KH� SDUWLFOH�ZDV� GHWDLQHG� �DV� LQ�)LJ�� �)��
*�� LQ�WKH�DUHD�RI�SURWRWURFKDO�UHFRYHU\�VWURNHV��)LJ�� ��'��(��
IRU�����PV� EHIRUH� OHDYLQJ� WKH�DUHD� DQG�PRYLQJ� WRZDUG�WKH�
IRRG�JURRYH� �)LJ�� ��)���

$� %� "� &�

� 
� 
�

'� !� (� )�

)LJXUH� ��� 'LUHFW� LQWHUFHSWLRQ� RI� ,VRFKU\VLV� JDOEDQD� DW� FLOLXP� WLS� �VHH� VXSSOHPHQWDU\� YLGHR� FOLS� ������

KWWS���ZZZ�ELROEXOO�RUJ�VXSSOHPHQWDO���� 9HQWUDO�ODWHUDO� YLHZ� RI�YHOXP� DW�D� VOLJKW�DQJOH� WR�WKH�OHIW��&LOLDU\� EHDW� LV�

SDUDOOHO� WR�WKH�SODQH� RI�IRFXV�� /DEHOV� RI�FLOLDU\� EDQGV� LQ�IUDPH�$� DQG� WLPHV�DV� LQ�)LJ�� ��� 6\PERO�

�PDUNV� FLOLXP�

LQ�LWV�HIIHFWLYH� VWURNH�DQG�EHJLQQLQJ� LWV�UHFRYHU\� VWURNH�� �$�� 3DUWLFOH� HQWHULQJ� ]RQH� VZHSW�E\�SURWRWURFK� HIIHFWLYH�

VWURNHV�� �%�� 3DUWLFOH� LV�RYHUWDNHQ� E\� WLS�RI�FLOLXP� DQG� �&��PRYHV� LQ�FRQMXQFWLRQ� ZLWK� FLOLXP�� �'�� &LOLXP� EHQGV�

EDFN� GXULQJ� LWV�HIIHFWLYH� VWURNH�DV� LW�PRYHV� WKH�SDUWLFOH� LQ�D�FXUYHG� SDWK�� �(�� 3DUWLFOH� UHPDLQV� DW� WLS�RI�FLOLXP� DQG�

LV� WDNHQ� LQZDUG�RQ� FLOLXP
V� UHFRYHU\� VWURNH� WR� �)�� HGJH� RI� YHOXP� �EODFN� DUURZKHDG� SRLQWV� WR�SDUWLFOH�� EHIRUH�

SDUWLFOH�PRYHG� LQWR�WKH�IRRG� JURRYH��
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)LJXUH� ��� 'LUHFW� LQWHUFHSWLRQ� RI� WKH�DOJD� 5KRGRPRQDV� VS�� �VHH� VXSSOHPHQWDU\� YLGHR� FOLS� ������ KWWS����

ZZZ�ELROEXOO�RUJ�VXSSOHPHQWDO���� 9HQWUDO�ODWHUDO� YLHZ� RI�YHOXP�� &LOLDU\� EHDW� LV�SDUDOOHO� WR�WKH�SODQH� RI� IRFXV��

/DEHOV� RI�FLOLDU\� EDQGV� LQ�IUDPH�$� DQG� WLPHV�DV� LQ�)LJ�� ��� 6\PERO�

�PDUNV� D�SURWRWURFKDO� FLOLXP�� LQLWLDOO\� LQ�LWV�

HIIHFWLYH� VWURNH�� �$�� 3DUWLFOH� MRLQV� D� FLOLXP� DV� LW�LV�EHLQJ� SDVVHG� E\� WKH�FLOLXP�� �%�� 3DUWLFOH� FRQWLQXHV� WR�PRYH�

LQ�FRQMXQFWLRQ� ZLWK� FLOLXP�� DQG� LQ�WKH�SURFHVV� PRYHV� IURP� WKH�WUDLOLQJ� WR� WKH� OHDGLQJ� VLGH� RI� WKH�FLOLXP�� �&��
3DUWLFOH� UHPDLQV� DVVRFLDWHG� ZLWK� WKH�FLOLXP� DQG� LV�WDNHQ� LQZDUG�ZLWK� WKH�FLOLXP
V� UHFRYHU\� VWURNH�� �'��:KLOH� LQ�

WKH�DUHD� RI�UHFRYHU\� VWURNHV� WKH�SDUWLFOH� LV�URWDWHG�E\�DQRWKHU� FLOLXP�PDUNHG� E\�$���(��7KH� SDUWLFOH� �EODFN� DUURZ��
PRYHV� WRZDUG� WKH�IRRG� JURRYH� DQG� �)�� WUDYHOV�GRZQ� WKH�IRRG� JURRYH� DW������ �[P�PV��� �ZKLWH� DUURZ� SRLQWV� WR�

SDUWLFOH���

7ZR� DOJDO� FHOOV�� ���JDOEDQD�� DQG� RQH� XQLGHQWLILHG����[P�
SDUWLFOH� WKDW�ZHUH� ORVW�IURP�SURWRWURFKDO� FLOLD� ZHUH� WKHQ�

LQWHUFHSWHG�DQG�PRYHG� LQWR�WKH�IRRG�JURRYH� E\�PHWDWURFKDO�
FLOLD�� ,Q� WZR�RI� WKHVH�HYHQWV�� WKH�SDUWLFOH� DSSHDUHG� WR�EH�

GLUHFWO\�LQWHUFHSWHG�E\�D�SURWRWURFKDO�FLOLXP�EXW� ORVW�WRZDUG�
WKH�HQG�RI�WKH�FLOLXP
V� HIIHFWLYH�VWURNH��'XULQJ� RQH�RI�WKHVH�
WZR�HYHQWV� �)LJ�� ����� WKH�XQLGHQWLILHG� ���[P�SDUWLFOH� DS�
SHDUHG� WR�EH� LQWHUFHSWHG�DW���� L"P�)9(� �)LJ�� ��,%�� DQG�

VOLJKWO\�DFFHOHUDWHG� IURP����� WR������ �[P�PVB��ZLWK� D�&�3�

YHORFLW\�UDWLR�RI������� ,W�LV�QRW� OLNHO\�WKDW�WKH�SDUWLFOH� LQ�WKLV�
HYHQW�ZDV� WUDYHOLQJ�IDVWHU�WKDQ�WKH�FLOLXP� �VHH�'LVFXVVLRQ���
7RZDUG� WKH�HQG�RI� WKH�FLOLXP
V� HIIHFWLYH� VWURNH�WKH�FLOLXP�
EHQW�DQG� UHPDLQHG�DVVRFLDWHG� ZLWK� WKH�SDUWLFOH� DV� DQ� DGMD�
FHQW�FLOLXP�SDVVHG� �)LJ�� ��&��'��� 7KH� SDUWLFOH�ZDV� ORVW�DQG�
IUHH�RI�DQ\�FLOLD�IRU����PV� �)LJ�� ��,(��EHIRUH� LW�ZDV� RYHUWDNHQ�

E\�D�PHWDWURFK� FLOLXP� �)LJ�� ��,)��*��� 7KH� SDUWLFOH� UHPDLQHG�
DVVRFLDWHG� ZLWK� D�PHWDWURFKDO� FLOLXP� WKURXJK�LWV�HIIHFWLYH�
VWURNH�DQG�ZDV� SODFHG� LQ�WKH�IRRG�JURRYH� �)LJ�� ��+��,��� WKH�

FDSWXUH� HYHQW� ODVWHG�D� WRWDO�RI� ����PV� IURP�WKH�WLPH�WKH�

SDUWLFOH� HQWHUHG� WKH�]RQH� VZHSW�E\�SURWURFKDO� FLOLD� WR�WKH�
WLPH�WKH�SDUWLFOH�ZDV� SODFHG� RQ� WKH�IRRG�JURRYH� �VHH� YLGHR�

FOLS�������KWWS���ZZZ�ELROEXOO�RUJ�VXSSOHPHQWDO����7KH� YH�

ORFLW\�RI� WKH�PHWDWURFK� FLOLXP�ZLWK� SDUWLFOH�ZDV� ����� �[P�
PV���� DQG� D�GLIIHUHQW�PHWDWURFK� FLOLXP�ZLWKRXW� D� SDUWLFOH�
KDG�D�YHORFLW\�RI� ������[P�PVa��� ,Q�WKH�WKLUG�HYHQW��D�SDUWLFOH�
UHPDLQHG� FORVH� WR�WKH�UHFRYHU\� VWURNHV����� �[P�)9(�� DV� LW�
PRYHG� WKURXJK�WKH�DUHD� VZHSW� E\� SURWRWURFKDO� HIIHFWLYH�
VWURNHV�ZLWKRXW� LQWHUFHSWLRQ�DQG�ZDV� ORVW�IURP�WKH�SURWRWUR�
FKDO� FLOLD��7KH� SDUWLFOH�ZDV� WKHQ�LQWHUFHSWHG�UHSHDWHGO\�E\�
PHWDWURFKDO� FLOLD� GXULQJ� WKH����PV� EHIRUH� LW�ZDV� SODFHG� LQ�
WKH�IRRG�JURRYH��
2QO\� ���� PV� EHIRUH� WKLV� HYHQW�� DQRWKHU� SDUWLFOH�� ���

JDOEDQD�� KDG� EHHQ� ORVW� DV� LW�SDVVHG� DW� WKH� WLSV�RI� WKH�

SURWRWURFKDO� FLOLD�� 7KH� ORVW�SDUWLFOH� KDG� HQWHUHG� WKH�]RQH�

VZHSW� DW�����[P�)9(� ZLWK� D� YHORFLW\� RI� ����� X�P�PV���
DQG�DFFHOHUDWHG� WR����� �[P�PV���� 7KH� SDUWLFOH� DSSHDUHG� WR�
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)LJXUH� ��� 0XOWLSOH� LQWHUFHSWLRQV�LQ�RQH� FDSWXUH� IROORZHG� E\�D�QRQ�FDSWXUH� RI�,VRFKU\VLV� JDOEDQD� SDUWLFOHV� �VHH�

VXSSOHPHQWDU\� YLGHR� FOLS������� KWWS���ZZZ�ELROEXOO�RUJ�VXSSOHPHQWDO����9HQWUDO�ODWHUDO� YLHZ� RI�YHOXP�� FLOLDU\�EHDW�

SDUDOOHO� WR�WKH�SODQH� RI�IRFXV��/DEHOV� RI�FLOLDU\�EDQGV� LQ�IUDPH�$� DQG� WLPHV�DV� LQ�)LJ�� ��� 6\PEROV�
$�DQG� 
�PDUN� FLOLD�

LQ�WKHLU�HIIHFWLYH� VWURNHV�PRYLQJ� LQLWLDOO\�IURP�DQWHULRU� WR�SRVWHULRU��1XPEHUHG� EODFN� DUURZV�SRLQW� WR�SDUWLFOHV�� �$��
3DUWLFOH� �EODFN� DUURZ� ���FORVH� WR�UHFRYHU\�VWURNHV�LQ�]RQH� VZHSW�E\�SURWRWURFK�HIIHFWLYH�VWURNHV�ZLWK� WZR�DGMDFHQW� FLOLD�

�$�DQG� 
��� EHKLQG� LW���%��2QH� FLOLXP� �$��SDVVHV� SDUWLFOH� DQG� DGMDFHQW� FLOLXP� �
��� RYHUWDNHV� SDUWLFOH�� �&�� 3DUWLFOH�

GLVDVVRFLDWHV� IURP�ILUVW�FLOLXP� �
��� DQG� DSSHDUV� WR�DVVRFLDWH� ZLWK� D� VHFRQG� FLOLXP� �
���� �'�� 3DUWLFOH� PRYHV� LQ�

FRQMXQFWLRQ�ZLWK� FLOLXP� �
��� WR�WKH�HQG�RI� WKH�FLOLXP
V� HIIHFWLYH�VWURNH���(��$V� FLOLXP� �
��� EHJLQV� LWV�UHFRYHU\� VWURNH�

WKH�SDUWLFOH� ORVHV� DVVRFLDWLRQ� ZLWK� LW�DQG� DVVRFLDWHV� ZLWK� D� WKLUG�FLOLXP� �
���� �)�� 3DUWLFOH� HQWUDLQHG� LQ�SURWRWURFK�

UHFRYHU\� VWURNHV�� �*��7KH� ILUVW�SDUWLFOH� �EODFN� DUURZ� ���PRYHV� WRZDUG�IRRG�JURRYH� DV� D� VHFRQG� SDUWLFOH� �EODFN� DUURZ�

���PRYHV� WRZDUG�]RQH� VZHSW�E\�SURWRWURFKDO� FLOLD�� �+�� ,��3DUWLFOH� LV�SDVVHG� E\�FLOLD� �
�� DQG� 
��� DV� LW�PRYHV� WKURXJK�
DQG� ODWHU�H[LWV� WKH�HIIHFWLYH� VWURNH�ZLWKRXW� LQWHUFHSWLRQV��:KLWH� DUURZ� ��SRLQWV� WR�ILUVW�SDUWLFOH� RQ� IRRG�JURRYH��

EH� RYHUWDNHQ� E\�D�FLOLXP� DW���� �[P�)9(� IRU�D�PHUH� ��PV�

DQG� DFFHOHUDWHG� WR����� W[P�PV���� EXW� WKHQ� WKH�SDUWLFOH�
LPPHGLDWHO\� VORZHG� WR����� �[P�PV���� OHIW�WKH�]RQH� VZHSW�

E\� HIIHFWLYH� VWURNHV�� DQG� FRQWLQXHG� WR� VORZ� WR� ���� MDP�
PV���� )LYH� RWKHU� UHFRUGLQJV� RI�PLVVHG� SDUWLFOHV� VKRZHG�
VLPLODU� WUDMHFWRULHV��
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)LJXUH� ���� &DSWXUH� RI� ,VRFKU\VLV� JDOEDQD� ZLWKRXW� DSSDUHQW� LQWHUFHSWLRQ� E\� HIIHFWLYH� VWURNHV� �VHH� VXSSOH�
PHQWDU\� YLGHR� FOLS� ������ KWWS���ZZZ�ELROEXOO�RUJ�VXSSOHPHQWDO���� 9HQWUDO�ODWHUDO� YLHZ� RI� YHOXP�� FLOLDU\� EHDW�

SDUDOOHO� WR�WKH�SODQH� RI� IRFXV�� /DEHOV� RI�FLOLDU\� EDQGV� LQ�IUDPH�$� DQG� WLPHV�DV� LQ�)LJ�� ��� 6\PERO�

�PDUNV� FLOLD�

LQ�WKHLU�HIIHFWLYH� VWURNHV�PRYLQJ� LQLWLDOO\�IURP�DQWHULRU� WR�SRVWHULRU�� %ODFN� DUURZV� SRLQW� WR�SDUWLFOH�� �$�&�� 3DUWLFOH�

PRYLQJ� DFURVV� ]RQH� VZHSW� E\�SURWRWURFK� HIIHFWLYH� VWURNHV� FORVH� WR�UHFRYHU\� VWURNHV�ZLWK� FLOLD� 
��� 
��� DQG� 
��

SDVVLQJ� WKH�SDUWLFOH�� �'�� 3DUWLFOH� HQWHUV�DUHD� RI�UHFRYHU\� VWURNHV�DQG� �(�� LV�UHWDLQHG�ZLWKLQ� WKH�UHFRYHU\� VWURNHV��

�)�� 3DUWLFOH� PRYHV� WRZDUG� IRRG� JURRYH��

&DSWXUH� RI�ODUJH� VSKHUHV�

$� YHOLJHU�ZDV� DEOH� WR�FDSWXUH�DQG� WUDQVSRUW�������[P�DQG�
���/WP�SODVWLF� VSKHUHV�RQ� WKH�IRRG�JURRYH� �)LJ�� �����/DUJH�
VSKHUHV� ������� MDP��ZHUH� UHMHFWHG�DW� WKH�PRXWK�� KRZHYHU��
YHOLJHUV�GLG� LQJHVW����[P�VSKHUHV��ZKLFK� DSSHDUHG� LQ�WKHLU�

JXW��7KH� GLDPHWHUV� RI� WKH�ODUJHVW�FDSWXUHG� SDUWLFOHV�ZHUH�
VLPLODU� WR� WKH�PHWDFKURQDO� ZDYHOHQJWK�� ��� �PP��$W� WKH�

ODUJHVW�VL]HV�� VLHYLQJ�E\�SURWRWURFKDO�FLOLD� RQH�PHWDFKURQDO�

ZDYHOHQJWK� DSDUW�VHHPV�D�SRVVLELOLW\��$GMDFHQW� FLOLD� LQ�WKHLU�
HIIHFWLYH�VWURNHV�FRXOG� IRUP�D�VLHYH�ZLWK�PHVK� VL]H�HTXDO� WR�
WKH�PHWDFKURQDO� ZDYHOHQJWK�� %XW� WKH�ZDYHOHQJWK� RI���� I[P�
ZDV� WRR�JUHDW�IRU�VLHYLQJ�WKH�VPDOOHU�SDUWLFOHV� �VHH�YLGHR� FOLS�
������KWWS���ZZZ�ELROEXOO�RUJ�VXSSOHPHQWDO����

'LVFXVVLRQ�

7KH� KLJK�VSHHG�YLGHR� UHFRUGLQJV�SURYLGH� VWURQJ�HYLGHQFH�
IRU�FDSWXUH�RI�SDUWLFOHV�E\�GLUHFW� LQWHUFHSWLRQ��:H� REVHUYHG�

���� SDUWLFOHV�EHLQJ� RYHUWDNHQ�E\� D� FLOLXP�� DFFHOHUDWHG�� DQG�
WKHQ�PRYHG� LQ�FRQMXQFWLRQ� ZLWK� WKH�FLOLXP� WKURXJK�WKH�

UHPDLQGHU�RI� LWV�HIIHFWLYH�VWURNH������SDUWLFOHV� VXEVHTXHQWO\�
SXOOHG� WRZDUG� WKH�IRRG� JURRYH� LQ�WKH�SDWK� RI� D� FLOLXP
V�

UHFRYHU\� VWURNH������ D�FLOLXP�EHQW�DQG� VORZHG� LQ�FRQFRPL�
WDQFH�ZLWK� D�SDUWLFOH� HQFRXQWHU��DQG� ���� D� FLOLXP�SXOOLQJ� D�
FKDLQ� RI�FHOOV� IURP�LWV�FRQWDFW�ZLWK� RQH� HQG� RI� WKH�FKDLQ��

$OVR�� ���� LQWHUFHSWHG�SDUWLFOHV� KDG� JUHDWHU�YHORFLWLHV� WKDQ�

SDUWLFOHV� WKDW�ZHUH�PLVVHG�� ,Q�FRQWUDVW�WR�SUHYLRXV� REVHUYD�
WLRQV�RI� YHOLJHUV� �6WUDWKPDQQ�DQG� /HLVH�� ������*DOODJHU��
������� SDUWLFOHV�ZHUH� FDXJKW� DORQJ� WKH�OHQJWKV�RI� WKH�SUR�
WRWURFKDO�FLOLD� QHDUO\� WR�WKHLU�WLSV��,Q�DGGLWLRQ� WR�REVHUYLQJ�
WKHVH�HYHQWV� LQ�FDSWXUH� E\� SURWRWURFK� FLOLD��ZH� DOVR� ZLW�
QHVVHG� FDSWXUH�QHDU� WKH�WLS�RI�D�PHWDWURFKDO� FLOLXP��

)HDWXUHV� RI�GLUHFW� LQWHUFHSWLRQ�ZHUH� DSSDUHQW� LQ�WKH�UDWLRV�
RI�FLOLXP�WR�SDUWLFOH� �&�3�� YHORFLWLHV�� ,Q�FDSWXUHV��&�3� YH�

ORFLW\�UDWLR�ZDV� LQLWLDOO\�JUHDWHU� WKDQ����ULJKW�EHIRUH� LQWHU�

FHSWLRQ�� DQG� WKHQ�FORVH� WR���GXULQJ�WKH�PLGGOH� DQG�HQG�RI�WKH�
HIIHFWLYH�VWURNH��DIWHU�LQWHUFHSWLRQ���7DEOH� ����$W� WKH�PLGGOH�
DQG�HQG�RI�SURWRWURFKDO�HIIHFWLYH�VWURNHV��&�3�YHORFLW\� UDWLR�
ZDV� FORVH� WR���IRU�FDSWXUHG�SDUWLFOHV� DQG�JUHDWHU�IRU�PLVVHG�

SDUWLFOHV�� 6RPH�PHDVXUHG� &�3� YHORFLW\� UDWLRV�ZHUH� VOLJKWO\�
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)LJXUH� ���� 3URWRWURFKDO� FLOLXP� LQWHUFHSWLRQ�DQG� ORVV� IROORZHG� E\�D�PHWDWURFKDO� LQWHUFHSWLRQ� DQG� FDSWXUH� RI�

DQ�XQLGHQWLILHG� SDUWLFOH� ��� L[P�LQ�OHQJWK�� �VHH� YLGHR� FOLS������� KWWS���ZZZ�ELROEXOO�RUJ�VXSSOHPHQWDO���� 9HQWUDO�

ODWHUDO�YLHZ� RI�YHOXP�� FLOLDU\� EHDW� SDUDOOHO� WR�WKH�SODQH� RI� IRFXV�� /DEHOV� RI� FLOLDU\� EDQGV� LQ�IUDPH�$� DQG� WLPHV�

DV� LQ�)LJ�� ��� 6\PERO�

�PDUNV� FLOLD� LQ�WKHLU�HIIHFWLYH� VWURNHV�� �$�� 3DUWLFOH� �EODFN� DUURZ�� LV� LQ�WKH�]RQH� VZHSW� E\�

WKH�SURWRWURFK
V� HIIHFWLYH� VWURNHV�� �%��$� SURWRWURFKDO� FLOLXP� �
��� RYHUWDNHV� SDUWLFOH�� �&��7KH� FLOLXP� �
��� EHJLQV�
WR�EHQG� DQG� UHPDLQV� DVVRFLDWHG� ZLWK� SDUWLFOH� �
��PDUNV� DGMDFHQW� FLOLXP��� �'�� &LOLXP� �
��� SDVVHV� SDUWLFOH� DQG�

FLOLXP� �
���� VWLOO� LQ�DVVRFLDWLRQ�� �(�� 3DUWLFOH� LV� ORVW�DQG� GLVWDQW� IURP�SURWRWURFK� FLOLD�� �)�� 3DUWLFOH� PRYHV� WRZDUG�

PHWDWURFK�� 
�� LQGLFDWHV� D�PHWDWURFK� FLOLXP� MXVW�EHIRUH� LWV�HIIHFWLYH� VWURNH�� �*��+�� 'XULQJ� LWV�HIIHFWLYH� VWURNH�� WKH�

VDPH�PHWDWURFK� FLOLXP� UHPDLQV� LQ�DVVRFLDWLRQ� ZLWK� WKH�SDUWLFOH�� �,��7KH� SDUWLFOH� �EODFN� DUURZ�� LV�WUDQVSRUWHG� LQWR�

WKH�IRRG� JURRYH� FRQFRPLWDQW� ZLWK� WKH�UHFRYHU\� VWURNH�RI� WKH�PHWDWURFKDO� FLOLXP��

ORZHU� WKDQ� ���ZKLFK� ZRXOG� LQGLFDWH� WKDW�WKH�SDUWLFOH�ZDV�

WUDYHOLQJ�IDVWHU�WKDQ�WKH�FLOLXP��7KLV� LV�QRW�H[SHFWHG� IRU�D�

SDUWLFOH�SDVVLQJ� WKURXJK�D� FLOLDU\�EDQG��:H� VXVSHFW� WKDW�LQ�
PRVW� FDVHV� D�PHDVXUHG� &�3�YHORFLW\� UDWLR�OHVV�WKDQ���UHIOHFWV�

D� OLPLW� WR� DFFXUDF\� RI� WKH�PHDVXUHPHQWV�� EXW� D� FHOO� RI�
5KRGRPRQDV� VS��WKDW�PRYHG� IURP�WKH�WUDLOLQJ�WR�WKH�OHDGLQJ�
VLGH� RI� D� FLOLXP�PD\� KDYH�PRYHG� E\� LWV�IODJH+XP�� WKXV�

WUDYHOLQJ�IDVWHU�WKDQ�WKH�LQWHUFHSWLQJ�FLOLXP� WKDW�SURSHOOHG� LW��
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)LJXUH� ���� 7ZR� HYHQWV� RI�FDSWXUH� DQG� WUDQVSRUW�RI� WZR� ODUJH�SODVWLF� VSKHUHV�� 9HQWUDO� YLHZ� RI�HQWLUH� YHODU�

OREH� �VHH� VXSSOHPHQWDU\� YLGHR� FOLS������� KWWS���ZZZ�ELROEXOO�RUJ�VXSSOHPHQWDO���� /DEHOV� RI�FLOLDU\� EDQGV� LQ�

IUDPH�$� DQG� WLPHV� DV� LQ�)LJ�� ��� �$��$UURZ� SRLQWV� WR� LQFRPLQJ� VSKHUH� ��� �DP�LQ�GLDPHWHU�� �$QRWKHU� VSKHUH�
OLHV�RQ� WKH�ERWWRP� RI� WKH�GLVK� LQ�HDFK� IUDPH��� �%�'�� &DSWXUHG� VSKHUH� LV�PRYHG� DURXQG� WKH� ODWHUDO� HGJH� RI�

WKH�YHOXP�� �(�� 7KH� VSKHUH� LV�PRYHG� WR� WKH�IRRG� JURRYH� DQG� VSXQ� IRU����PV� EHIRUH� �)�� LW�LV�SODFHG� RQ� WKH�

IRRG� JURRYH� DQG�PRYHG� WRZDUG� WKH�PRXWK� DW������ MDP�PV��� �DUURZ� SRLQWV� WR�VSKHUH��� �*��$� GLIIHUHQW� ODUYD�

KDV� DOUHDG\� FDSWXUHG� D� VSKHUH� RI������ MDP� LQ�GLDPHWHU�� 7KH� VSKHUH�ZDV� VSXQ� QHDU� WKH�IRRG� JURRYH� IRU�DW� OHDVW�
���� PV� EHIRUH� �+�� LW�ZDV� SODFHG� RQ� WKH�IRRG� JURRYH� DQG� �,�� WUDQVSRUWHG� GRZQ� WKH�IRRG� JURRYH� DW������ MDP�
PV��� �DUURZ� SRLQWV� WR� VSKHUH���

,Q�VRPH�FDVHV�� WKH�FLOLXP� WKDW�KDG� FDSWXUHG� D�SDUWLFOH�EHQW�
DQG� VORZHG� WRZDUG� WKH�HQG� RI� LWV�HIIHFWLYH� VWURNH�DV� DQ�

DGMDFHQW� FLOLXP� SDVVHG� E\� �)LJ�� ��&��'��� 7KH� UHFRUGLQJV�
VKRZ�WKDW�D�FLOLXP�DSSHDUV� WR�EH� LQ�FRQWDFW�ZLWK� WKH�FDSWXUHG�
SDUWLFOH� WKURXJK�WKH� ODWHU�SDUW�RI� WKH�HIIHFWLYH� VWURNH�DQG�

SHUKDSV� HYHQ� LQ� WKH�UHFRYHU\� VWURNH��EXW�ZH� FRXOG� QRW�
PHDVXUH� &�3� YHORFLW\� UDWLR�LQ�WKH�UHFRYHU\� VWURNH��

,I�D�FLOLDU\�IHHGLQJ�PHFKDQLVP� RI�YHOLJHUV� LV�GLUHFW� LQWHU�

FHSWLRQ��ZKDW� DOORZV� WKH�FLOLD� WR�DGKHUH� WR�SDUWLFOHV�DQG�QRW�
ORVH�WKHP�WR�WDQJHQWLDO�GUDJ�IRUFHV�DV� WKH\�DUH�VZHSW�WRZDUG�
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WKH�IRRG�JURRYH"� 2QH� SRVVLELOLW\� LV�PXFXV�� ZKLFK�PD\� RU�

PD\� QRW�EH�SUHVHQW� LQ�WKH�IRRG�JURRYH��7KH� FDVHV� LQ�ZKLFK�
D�SURWRWURFKDO� FLOLXP� WXJJHG�D�GLDWRP� FKDLQ� LQWR�WKH�IRRG�

JURRYH�ZKLOH� LQ�FRQWDFW�ZLWK� RQH�SDUW�RI� WKH�FKDLQ�SURYLGH�
VWURQJ�HYLGHQFH� IRU�DGKHVLRQ� EHWZHHQ� FLOLXP� DQG� SDUWLFOH�
�)LJ������7KH� SDUWLFOHV� LQWHUFHSWHG�DQG�FDSWXUHG�E\�SURWRWUR�
FKDO� FLOLD� LQ�RXU� VWXG\� LQFOXGHG� WKUHH�NLQGV� RI� DOJDH� DQG�

SODVWLF� VSKHUHV��7KH� VXUIDFH�SURSHUWLHV�RI�WKHVH�SDUWLFOHV� DUH�

SUHVXPDEO\� GLYHUVH��9HOLJHUV� FDSWXUH�DQ�HYHQ�ZLGHU� YDULHW\�
RI�SDUWLFOHV��:KDWHYHU� DGKHVLYH�PDWHULDO� WKH\�XVH�PXVW� EH�

FDSDEOH� RI�VWLFNLQJ�WR�GLYHUVH�PDWHULDOV��
9DULDWLRQ� LQ�ZKHWKHU�SDUWLFOHV�ZHUH� LQWHUFHSWHG�RU�SDVVHG�

E\�SURWRWURFKDO�HIIHFWLYH�VWURNHV�VXJJHVWV��DV� D�K\SRWKHVLV��
WKDW�DGKHVLRQ� YDULHV��SHUKDSV� IURP�YDULDWLRQ� LQ�VHFUHWLRQ�RI�
PXFXV�� 6HFUHWLRQ� RI�PXFXV� LQ�WKH�IRRG� JURRYH� KDV� EHHQ�

VXJJHVWHG� EHFDXVH� UHMHFWHG� SDUWLFOHV� DUH� HQWDQJOHG� LQ� D�

WUDQVSDUHQW�PDWHULDO� �/HERXU�� ������ 6WUDWKPDQQ� HW� DO��
�������9DULDWLRQ� LQ�VHFUHWLRQ�RI�DQ�DGKHVLYH�ZRXOG� SURYLGH�
D�PHFKDQLVP� IRU�UHJXODWLQJ�FDSWXUH�UDWHV�DORQJ� WKH�SURWRWUR�
FKDO�EDQG�ZKLOH� WKH�FLOLD� FRQWLQXHG�EHDWLQJ��3UHYLRXV� REVHU�
YDWLRQV� RI�D�YDULHW\�RI�RSSRVHG�EDQG� IHHGHUV�KDYH� GHPRQ�
VWUDWHG�UHMHFWLRQ�RI�SDUWLFOHV�DW�WKH�PRXWK� DIWHU�WKH\�KDG�EHHQ�

FDSWXUHG�DQG� WUDQVSRUWHG�LQ�WKH�IRRG�JURRYH� �:HUQHU�� ������
)UHWWHU�� ������ 6WUDWKPDQQ� HW� DO�� ������ *DOODJHU�� ������
+DQVHQ�� �������)UHWWHU�DQG�0RQWJRPHU\� ������� DQG�6WUDWK�
PDQQ� HW�DO�� ������� VXJJHVWHG�UHJXODWLRQ�RI�UDWH�RI�FDSWXUH�DW�
WKH�SURWRWURFKDO�DQG�PHWDWURFKDO� EDQGV� EXW�GLG�QRW�VXJJHVW�
YDULDEOH� DGKHVLRQ� DV�D�PHFKDQLVP�� 7HVWLQJ� IRU�UHJXODWLRQ�RI�

FDSWXUH�E\�YDULDWLRQ� LQ�WKH�DGKHVLYHQHVV� RI�SURWRWURFKDO�FLOLD�
DZDLWV� IXUWKHU�REVHUYDWLRQV��
'LUHFW� LQWHUFHSWLRQ�DV� D�IHHGLQJ�PHFKDQLVP� IRU�RSSRVHG�

EDQG� IHHGHUV�UHTXLUHV� VWLII�SURWRWURFKDO�FLOLD��:LWK� IHZ�H[�

FHSWLRQV�� WKH�SURWRWURFK�FLOLD� DUH�FRPSRXQG��ZKLFK� SURYLGHV�
JUHDWHU�VWLIIQHVV��YHORFLW\��EHDW� IUHTXHQF\��DQG� OHQJWK�RI�WKH�
FLOLD� �+DUULV�� ������ 6WUDWKPDQQ�HW�DO�� ������ 6OHLJK�� ������

*DOODJHU�� ������ (POHW� DQG� 6WUDWKPDQQ�� �������$UH� FRP�

SRXQG� FLOLD� QHFHVVDU\� IRU�GLUHFW� LQWHUFHSWLRQ�RI�SDUWLFOHV"�
7KH�PLWUDULD� ODUYD�RI�RZHQLLG� DQQHOLGV� IHHGV�ZLWK� RSSRVHG�
SURWRWURFKDO� DQG�PHWDWURFKDO� EDQGV� RI� VLPSOH� FLOLD� �(POHW�
DQG� 6WUDWKPDQQ�� �������5HTXLUHPHQWV� IRU�FLOLDU\� VWLIIQHVV�

PD\� EH� OHVV�EHFDXVH� WKH�FLOLD� DUH� VKRUW�DQG�YHORFLWLHV� ORZ��
EXW� WKH� LQWHUDFWLRQV�RI� FLOLD� DQG� SDUWLFOHV� KDYH� QRW�EHHQ�

REVHUYHG��

7KH� YLGHR� UHFRUGLQJV�VXJJHVW�WKDW�WKH�SURWRWURFKDO�UHFRY�

HU\�VWURNH�KHOSV�PRYH� SDUWLFOHV� WR�WKH�IRRG�JURRYH�� ,QGHHG��

SDUWLFOHV� LQWHUFHSWHG�E\� D� SURWRWURFKDO� FLOLXP� DSSHDU� WR�

GHWDFK�IURP�WKH�FLOLXP�GXULQJ�WKH�UHFRYHU\�VWURNH�MXVW�DV� WKH�

FLOLXP� WLS�SDVVHV� RYHU� WKH�HGJH� RI� WKH�YHOXP�� 3RVVLEO\�
DQRWKHU�SURWRWURFKDO�FLOLXP� LQ�LWV�HIIHFWLYH�VWURNH�SXVKHV� WKH�

SDUWLFOH� WRZDUG� WKH�IRRG�JURRYH��$GGLWLRQDOO\�� WKH�FXUUHQW�

SURGXFHG� IURP�WKH�PHWDWURFK� HIIHFWLYH� VWURNHV�PD\�PRYH�

WKH�SDUWLFOH� WRZDUG� WKH�IRRG� JURRYH�� ,Q� VRPH� FDVHV�� WKH�

SDUWLFOH� UHPDLQHG�ZLWKLQ� WKH�DUHD� RI�SURWRWURFKDO� UHFRYHU\�
VWURNHV�IRU�PRUH� WKDQ����PV�� GHWDLQHG� HLWKHU�ZLWKRXW� DGKH�

VLRQ� WR�FLOLD� RU�ZLWK�EULHI�DGKHVLRQ� WR�D� VXFFHVVLRQ� RI�FLOLD��

9DULDWLRQV� LQ�FDSWXUHV� VKRZ� WKH�GLYHUVLW\� RI� SRVVLEOH�
FDSWXUH�PHFKDQLVPV�� &DSWXUHV� UDQJHG� IURP�PXOWLSOH� LQWHU�

FHSWLRQV�E\� VXFFHVVLYH� HIIHFWLYH�VWURNHV�WR�QR� LQWHUFHSWLRQV�
E\�SURWRWURFKDO� HIIHFWLYH� VWURNHV��3DUWLFOHV�PLVVHG� E\�SUR�
WRWURFKDO�FLOLD�ZHUH� VRPHWLPHV� UHWDLQHG�E\�UHFRYHU\�VWURNHV�
RU�PHWDWURFKDO� FLOLD��

,W�LV�UHPDUNDEOH� WKDW������ �����DQG�����[P�VSKHUHV�FDQ�EH�

FDXJKW� DQG�PRYHG� DORQJ� WKH�QDUURZ� IRRG�JURRYH� RI� WKHVH�

YHOLJHUV��7KH� ODUYD�GLG�QRW� LQJHVW�WKHVH�ODUJH�VSKHUHV��KRZ�
HYHU��2WKHU� ODUYDH� WKDW�FDSWXUH�SDUWLFOHV�EHWZHHQ� SURWRWURFK�
DQG�PHWDWURFK� FOHDU� ODUJH�SDUWLFOHV� DW� ORZ� UDWHV��&OHDUDQFH�
UDWHV�DUH� ORZ� IRU�SDUWLFOHV� DERYH� DERXW� ��� WR���� �[P��GH�

SHQGLQJ� RQ� WKH�VL]H� RI� WKH�FLOLDU\�EDQGV� DQG� IRRG�JURRYH�
�+DQVHQ�� ������ ������5LLVJDUG� HW�DO�� ������� 7KH� ORZ�FOHDU�
DQFH� UDWHV�UHSRUWHG�IRU�ODUJH�SDUWLFOHV� DQG�PHFKDQLFDO� FRQ�

VLGHUDWLRQV�KDG� OHG�XV� WR�VXSSRVH� WKDW�WKH�ZLGWK� RI�WKH�IRRG�

JURRYH� VHW�D� ORZ�XSSHU� OLPLW�WR�WKH�VL]H�RI�SDUWLFOHV� FDSWXUHG�
DQG� WUDQVSRUWHG��EXW� VL]H� LQJHVWHG�DSSHDUV� WR�EH�PRUH� OLP�

LWLQJ�WKDQ�WKH�VL]H� WKDW�FDQ�EH� FDSWXUHG��
,Q�FRQWUDVW�WR�PRVW� SUHYLRXV� VWXGLHV�RI�WKLV�IHHGLQJ�PHFK�

DQLVP��ZH� REVHUYHG� FDSWXUHV�RI�SDUWLFOHV�DORQJ� WKH�SURWRWUR�
FKDO� FLOLD� DOPRVW� WR� WKHLU�WLSV��6WUDWKPDQQ� HW�DO� �������
REVHUYHG� VXFK� FDSWXUHV� DORQJ� WKH�PXFK� VKRUWHU�FLOLD� RI� D�

URWLIHU��EXW� 6WUDWKPDQQ� DQG� /HLVH� ������� DQG� *DOODJHU�
������� QHYHU�REVHUYHG� FDSWXUHV�QHDU�WKH�WLS�RI�D�SURWRWURFKDO�
FLOLXP�� 3RVVLEO\� SDUWLFOH� FDSWXUH�YDULHV��ZLWK� GLIIHUHQW�YH�

OLJHUV�UHO\LQJ�RQ�GLIIHUHQW�PHFKDQLVPV� IRU�IHHGLQJ�RU�DGKH�
VLRQ� DORQJ� WKH� OHQJWK�RI� FLOLD��$OWHUQDWLYHO\�� HDFK� YHOLJHU�
PD\� HPSOR\� VHYHUDO� GLIIHUHQW�PHFKDQLVPV�� ,Q�DGGLWLRQ� WR�

LQWHUFHSWLRQV�RI�SDUWLFOHV� DOPRVW� WR�WKH�WLSV�RI�FLOLD��ZH� VDZ�

FDSWXUHV�ZLWK�QR�GLVFHUQLEOH� DGKHVLRQ� WR�SURWRWURFKDO�FLOLD� LQ�
WKHLU�HIIHFWLYH�VWURNHV��DQG� WKHVH�ZHUH� SDUWLFOHV� WKDW�SDVVHG�
PRUH� SUR[LPDOO\��FORVH� WR�WKH�UHFRYHU\�VWURNHV��7KH� FDSWXUH�
RI�SDUWLFOHV� WKDW�KDG�EHHQ� SDVVHG� E\�FLOLD� LQ�WKHLU�HIIHFWLYH�

VWURNHV��WRJHWKHU�ZLWK� VRPH� ORQJ�UHVLGHQFH� WLPHV�LQ�WKH�]RQH�
RI�UHFRYHU\� VWURNHV��VXJJHVWV� WKDW�FDSWXUHV�RFFXU� E\�PHFK�
DQLVPV� LQ�DGGLWLRQ� WR�GLUHFW� LQWHUFHSWLRQ��&DSWXUH� EHWZHHQ�

RSSRVHG� EDQGV� RI�FLOLD�E\�PRUH� WKDQ�RQH�PHFKDQLVP� FRXOG�
DLG� IHHGLQJ�RQ� WKH�YDVW� DUUD\�RI�SURVSHFWLYH� SDODWDEOH� SDU�
WLFOHV�LQ�PDULQH� V\VWHPV�DQG�SURYLGH� D�PHDQV� WR�YDU\�FOHDU�
DQFH� UDWHV��,W�FRXOG� DOVR� H[SODLQ� GLIIHUHQW�REVHUYDWLRQV� DQG�

LQIHUHQFHV�E\�GLIIHUHQW�DXWKRUV��
6HYHUDO� DXWKRUV�KDYH� QRWHG� D�SRVVLEOH� UROH�RI� WKH�RVFLO�

ODWLQJ�FXUUHQWV�DQG� VKHDU�H[SHULHQFHG� E\�SDUWLFOHV� SDVVLQJ�
WKURXJK�D� FLOLDU\�EDQG� �-�UJHQVHQ�� ������*DOODJHU�� ������

0D\HU�� ������� 7KHVH� VXJJHVWLRQV� KDYH� QRW� DFFRXQWHG� IRU�

FOHDUDQFH� UDWHV�EXW�GR�SRLQW� WR�VWHHS�YHORFLW\�JUDGLHQWV�DQG�

IOXFWXDWLQJ�YHORFLWLHV� GXULQJ�F\FOHV�RI�FLOLDU\�EHDW��(IIHFWV�RI�

VKHDU�DQG�RVFLOODWLRQ�ZHUH� EH\RQG� WKH�VFRSH�RI�RXU�VWXG\�EXW�

PLJKW� KDYH� SOD\HG� D� UROH� LQ�REVHUYHG� DVSHFWV� RI�SDUWLFOH�
FDSWXUH�WKDW�ZHUH� QRW�GLVFHUQLEO\�E\�GLUHFW�LQWHUFHSWLRQ��VXFK�
DV� WKH�UHWHQWLRQ�RI� SDUWLFOHV� LQ� WKH�YLFLQLW\� RI� UHFRYHU\�
VWURNHV� LQ� VRPH� FDSWXUHV��

$V� QRWHG� LQ�WKH�LQWURGXFWLRQ��D�YDULHW\�RI�SODQNWRQLF� DQG�
EHQWKLF� DQLPDOV� VKDUH� VLPLODU� DUUDQJHPHQWV� RI� RSSRVHG�
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EDQGV� RI�FLOLD��7KH� HYLGHQFH� RI�DGKHVLRQ� EHWZHHQ� SURWRWUR�
FKDO�FLOLXP�DQG�FDSWXUHG�SDUWLFOH�PD\� KDYH� LPSOLFDWLRQV�IRU�
RWKHU�FLOLDU\�IHHGLQJ�PHFKDQLVPV� DV�ZHOO��0XVVHOV� FDSWXUH�
SDUWLFOHV�ZLWK� WKH�HIIHFWLYH�VWURNHV�RI�ODWHURIURQWDO�FLOLD� WKDW�
EHDW�DJDLQVW� WKH�FXUUHQW�FUHDWHG�E\�WKH�ODWHUDO�FLOLD�RI�WKH�JLOO�
ILODPHQWV��EXW�REVHUYDWLRQV� KDYH�QRW�GHPRQVWUDWHG�SUHVHQFH�
RU�DEVHQFH� RI�DGKHVLRQ� EHWZHHQ� FLOLXP� DQG�SDUWLFOH� �5LLV�

JDUG�HW�DO�� ������6LOYHUPDQ� HW�DO�� ������������� &DSWXUHV� E\�
GLUHFW� LQWHUFHSWLRQ�E\� FLOLD�PD\� RFFXU� LQ�GLYHUVH� DQLPDOV�
ZLWK� D�YDULHW\�RI�DUUDQJHPHQWV�RI�FLOLD��

$FNQRZOHGJPHQWV�

055� ZDV� VXSSRUWHG�E\� WKH�6DOO\�&DVDQRYD� 3UH�GRFWRUDO�
6FKRODU� 3URJUDP� DW�&DOLIRUQLD� 6WDWH�8QLYHUVLW\��/RV� $QJH�
OHV��DQG�556� E\�16)� JUDQW�2&(�������� DQG� WKH�)ULGD\�
+DUERU� /DERUDWRULHV� RI� WKH�8QLYHUVLW\� RI�:DVKLQJWRQ�� :H�
WKDQN�'DQQ\� *ULLQEDXP� DQG�)HUQDQGD�;�� 2\DU]XQ� IRU�DG�
YLFH� GXULQJ� WKH� LQLWLDO� VWDJHV� RI� WKH�SURMHFW� LQ� WKH������
/DUYDO� %LRORJ\� &RXUVH� DW�)ULGD\�+DUERU� /DERUDWRULHV��

/LWHUDWXUH� &LWHG�

(POHW�� 5�� %�� ������ )ORZ� ILHOGV�DURXQG� FLOLDWHG� ODUYDH�� HIIHFWV�RI�QDWXUDO�

DQG� DUWLILFLDO� WHWKHUV��0DU�� (FRO�� 3URJ�� 6HU�� ���� ���������

(POHW�� 5�� %��� DQG�5�� 5�� 6WUDWKPDQQ�� ������ )XQFWLRQDO� FRQVHTXHQFHV� RI�

VLPSOH� FLOLD� LQ� WKH�PLWUDULD� RI� RZHQLLGV� �DQ� DQRPDORXV� ODUYD� RI� DQ�

DQRPDORXV� SRO\FKDHWH�� DQG� FRPSDULVRQV� ZLWK� RWKHU� ODUYDH�� 3S�� ����

���� LQ�5HSURGXFWLRQ� DQG�'HYHORSPHQW� RI�0DULQH� ,QYHUWHEUDWHV��:�� +��

:LOVRQ�� -U���6�� $�� 6WULHNHU�� DQG� *�� /�� 6KLQQ�� HGV�� -RKQV�+RSNLQV�

8QLYHUVLW\� 3UHVV�� %DOWLPRUH��

)UHWWHU�� 9�� ������ 7KH� SURVREUDQFK� YHOLJHU�� 3URF�� 0DODFRO�� 6RF�� /RQG��

���� ���������

)UHWWHU�� 9��� DQG�0�� &��0RQWJRPHU\�� ������ 7KH� WUHDWPHQW�RI� IRRG� E\�

SURVREUDQFK� YHOLJHUV�� -��0DU�� %LRO�� $VVRF�� 8.� ���� ���������

*DOODJHU�� 6��0�� ������ 9LVXDO� REVHUYDWLRQV� RI�SDUWLFOH�PDQLSXODWLRQ� GXU�

LQJ�IHHGLQJ� LQ�ODUYDH�RI�D�ELYDOYH� PROOXVF�� %XOO��0DU�� 6FL�� ���� ���������

+DQVHQ�� %�� ������ )HHGLQJ� EHKDYLRXU� LQ� ODUYDH� RI� WKH� RSLVWKREUDQFK�
3KLOLQH� DSHUWD�� ,,��)RRG� VL]H� VSHFWUD� DQG� SDUWLFOH� VHOHFWLYLW\� LQ�UHODWLRQ�
WR�ODUYDO�EHKDYLRXU� DQG�PRUSKRORJ\� RI�YHODU� VWUXFWXUHV��0DU�� %LRO�� ,OO��
���������

+DQVHQ�� %�� ������ $VSHFWV� RI�IHHGLQJ�� JURZWK� DQG� VWDJH� RI�GHYHORSPHQW�

E\� WURFKRSKRUD� ODUYDH� RI� WKH�ERUHDO� SRO\FKDHWH� 0HGLRPDVWXV� IUDJLOH�
�5DVPXVVHQ�� �&DSLWHOOLGDH��� -��([S��0DU�� %LRO�� (FRO�� ����� ���������

+DUULV�� -��(�� ������ 7KH� PHFKDQLFV� RI� FLOLDU\�PRYHPHQW�� 3S�� ������ LQ�

7KH�&HOO� DQG� WKH�2UJDQLVP�� -��$�� 5DPVD\� DQG�9�� %��:LJJOHVZRUWK�� HGV��

&DPEULGJH� 8QLYHUVLW\� 3UHVV�� &DPEULGJH��

+DV]SUXQDU�� *��� DQG� $��:DQQLQJHU�� ������ 2Q� WKH�ILQH� VWUXFWXUH�RI� WKH�

FUHHSLQJ� ODUYD� RI�/R[RVRPHOOD� PXUPDQLFD�� DGGLWLRQDO� HYLGHQFH� IRU�D�

FODGH� RI�.DPSWR]RD� �(QWRSURFWD�� DQG�0ROOXVFD�� $FWD� =RRO�� ���� ���"�

�����

+HQGHUVRQ�� 6��<��� DQG� 5�� 5�� 6WUDWKPDQQ�� ������ &RQWUDVWLQJ� VFDOLQJ� RI�

FLOLDU\� ILOWHUV� LQ� VZLPPLQJ� ODUYDH� DQG� VHVVLOH� DGXOWV� RI� IDQ�ZRUPV�

�$QQHOLGD�� 3RO\FKDHWD��� ,QYHUWHEU�� %LRO� ����� �������

-DJHUVWHQ�� *�� ������ 2Q� WKH�PRUSKRORJ\� DQG� UHSURGXFWLRQ� RI� HQWRSURFW�
ODUYDH��=RRO� %LGU�� 8SSV�� ���� ���������

M�UJHQVHQ�� &�� %�� ������ $� K\GURPHFKDQLFDO� SULQFLSOH� IRU�SDUWLFOH� UHWHQ�

WLRQ� LQ�0\WLOXV� HGXOLV� DQG� RWKHU� FLOLDU\� VXVSHQVLRQ� IHHGHUV��0DU�� %LRO��

���� ���������

/D%DUEHUD�� 0�� ������ )HHGLQJ� FXUUHQWV�DQG�SDUWLFOH� FDSWXUH�PHFKDQLVPV�

LQ�VXVSHQVLRQ� IHHGLQJ� DQLPDOV�� $P�� =RRO�� ���� �������

/HERXU�� 0�� 9�� ������ 7KH� ODUYDO� VWDJHV� RI�1DVVDULXV� UHWLFXODWHV� DQG�

1DVVDULXV� LQFUDVVDWXV�� -��0DU�� %LRO� $VVRF�� 8.� ���� ���������

0D\HU�� 6�� ������ 1XPHULFDO� VLPXODWLRQ� RI�IORZ� ILHOGV�DQG� SDUWLFOH� WUDMHF�
WRULHV� LQ�FLOLDU\� VXVSHQVLRQ� IHHGLQJ��%XOO� 0DWK�� %LRO�� ���� �����������

5LLVJDUG�� +�� 8��� 3�� 6��/DUVHQ�� DQG� 1�� )��1LHOVHQ�� ������ 3DUWLFOH� FDSWXUH�
LQ�WKH�PXVVHO� 0\WLOXV� HGXOLV�� WKH�UROH�RI� ODWHUR�IURQWDO�FLUUL��0DU�� %LRO�

����� ���������

5LLVJDUG�� +�� 8��� &�� 1LHOVHQ�� DQG� 3�� 6�� /DUVHQ�� ������ 'RZQVWUHDP�

FROOHFWLQJ� LQ�FLOLDU\� VXVSHQVLRQ� IHHGHUV�� WKH�FDWFK�XS� SULQFLSOH�� 0DU��

(FRO�� 3URJ�� 6HU�� ����� �������

6KLPHWD�� -���DQG� 3��$�� -XPDUV�� ������ 3K\VLFDO� PHFKDQLVPV� DQG� UDWHV�RI�

SDUWLFOH� FDSWXUH� E\� VXVSHQVLRQ�IHHGHUV�� 2FHDQRJU�� 0DU�� %LRO�� $QQX��

5HY�� ���� ���������

6LOYHUPDQ�� +��� -��:�� /\QQ�� 3�� *�� %HQLQJHU�� DQG� 7�� +�� 'LHW]�� ������

7KH� UROH�RI� ODWHUR�IURQWDO�FLUUL�LQ�SDUWLFOH� FDSWXUH� E\� WKH�JLOOV� RI�0\WLOXV�
HGXOLV�� %LRO�� %XOO�� ����� ���������

6LOYHUPDQ�� +��� -��:�� /\QQ�� DQG� 7�� +�� 'LHW]�� ������ ,Q�YLWUR� VWXGLHV� RI�

SDUWLFOH� FDSWXUH� DQG� WUDQVSRUW� LQ�VXVSHQVLRQ�IHHGLQJ� ELYDOYHV�� /LPQRO��

2FHDQRJU�� ���� �����������

6OHLJK��0�� $�� ������ 7KH� LQWHJUDWHG� DFWLYLW\� RI� FLOLD�� IXQFWLRQ� DQG� FRRU�

GLQDWLRQ�� -��3URWR]RRO�� ���� �������

6WUDWKPDQQ�� 5�� 5��� DQG� '�� *ULLQEDXP�� ������ *RRG� HDWHUV��SRRU� VZLP�
PHUV�� FRPSURPLVHV� LQ�ODUYDO� IRUP��,QWHJU��&RPS�� %LRO�� ���� ���������

6WUDWKPDQQ�� 5�� 5��� DQG� (�� /HLVH�� ������ 2Q� IHHGLQJ�PHFKDQLVPV� DQG�

FOHDUDQFH� UDWHV�RI�PROOXVFDQ� YHOLJHUV�� %LRO�� %XOO�� ����� ���������

6WUDWKPDQQ�� 5�� 5��� 7�� /�� -DKQ�� DQG� -��5�� &�� )RQVHFD�� ������ 6XVSHQ�
VLRQ� IHHGLQJ� E\�PDULQH� LQYHUWHEUDWH� ODUYDH�� FOHDUDQFH� RI�SDUWLFOHV� E\�
FLOLDWHG� EDQGV� RI� D� URWLIHU��SOXWHXV�� DQG� WURFKRSKRUH�� %LRO�� %XOO�� �����
���������

:HUQHU�� %�� ������ 8EHU� GLH�$QDWRPLH� GLH�(QWZLFNOXQJ� XQG�%LRORJLH� GHV�

9HOLJHUV� XQG� GHU�9HOLFRQFKD� YRQ�&UHSLGXOD� IRUQLFDWD� /�� �*DVWURSRGD��
3URVREUDQFKLD��� +HOJRO�� :LVV�� 0HHUHVXQWHUV�� ��� ���������
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